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no other valve equals the Puritan 
leakproof anesthetic-gas 
cylinder vaive 
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This Puritan flush type valve is 
especially designed to dispense 
gases that liquefy under pressure... 


It is completely leakproof \ 
because the valve contains no /¥| 
packing and therefore requires 
no adjustment. This also as- 
sures complete purity since no 
packing or lubricant comes in 
contact with the contents. 


In addition, this Puritan valve 
opens or closes quickly and 
easily with just one complete 
turn of the hand wheel. Users 
of Puritan Maid anesthetic gases 
thereby realize a more economi- 
cal use of the contents. 
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General offices, 2012 Grand Avenue, Kansas City 8, Missouri’ 
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The valve illustrated is designed for 
oxygen therapy. Flush type valves for 
smaller cylinders are also available. 
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your trust... 


S.S.WHITE 
Easy Operating 


Gas Cylinder 
VALVES 


For more than a century, 
S.S.White has devoted its ef- 
forts to the development of new 
and improved equipment for the 
medical and dental profession. 
S.S.White Easy Operating Gas 
Cylinder Valves are one of the 
latest of these developments. 
Their many exclusive design and 
construction features are the re- 
sult of years of research and ex- 
perimentation to develop a valve 
to meet the most discriminating 
requirements of anesthetic, 
therapeutic and resuscitating 
service. 
Ask your medical gas supplier to 
equip your cylinders with these 
outstanding valves. For further 
information 
Write for Bulletin 5012 
which has full details 
on S.S.White Easy 
Operating Valves. 





INDUSTRIAL DIVISION 


Dept. VJ 10 East 40th St. 


DENTAL MFG. CO. 
Qi YORK 16, N. Y. 








behind the surgeon’s sure hand 


... the talent, technique and judgment of the anesthetist play 
a vital roll in supplementing the surgeon’s skill. 


As an ideal source for medical gases, more and more prominent 
anesthetists specify LIQUID Red Diamond. Unexcelled 

quality, perfect cylinder condition and reliable deliveries 

are important reasons for this growing preference. Why not 
contact your nearby Red Diamond Medical Gas Dealer today? 


RED DIAMOND MEDICAL GASES 


anesthetic «¢ resuscitating 


therapeutic x8 7 7a 


cyclopropane « nitrous oxide e ethylene gas 7 i 

© helium « helium-oxygen mixtures e carbon arn 

dioxide « carbon dioxide-oxygen mixtures —_,< ; 
fae 


. ° at 
Also anesthesia machines « oxygen therapy F aS, 
and endotracheal equipment and accessories. aS 


7 ue THE LIQUID CARBONIC CORPORATION 
a Medical Gas Division 
3100 South Kedzie Ave., Chicago 23, Illinois 


Branches and Dealers in Principal Cities e West of the Rockies: STUART OXYGEN CO., Los Angeles 
In Canada: IMPERIAL OXYGEN LTD., Montreal 
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FOR SELF-ADMINISTERED 
INHALATION ANALGESIA 





“Trilene:% and the 


Brand of trichloroethylene U.S.P. (Blue) 


“Duke? University Inhaler 


No. 3160 Model-M 


e notably safe and effective 


“Trilene,” self administered with the “Duke” University Inhaler, under proper 
medical supervision, provides highly effective analgesia with a relatively wide 
margin of safety. 


® convenient to use 


The “Duke” University Inhaler (Model-M) is specially designed for economy, 
facility of handling, and ready control of vapor concentration. 


e special advantages 


Induction of analgesia is usually smooth and rapid with minimum or no loss of 
consciousness. Patients treated on an ambulatory basis can usually leave the 
doctor’s office or hospital within 15 to 20 minutes. Inhalation is automatically 
interrupted if unconsciousness occurs. 


“Trilene” alone is recommended only for analgesia, not for anesthesia nor for the induction of 
anesthesia. Epinephrine is contraindicated when “Trilene” is administered. 


“Trilene” is available in 300 cc. containers, 15 cc. tubes, and 6 cc. ampuls. 


Ayerst Laboratories *« New York, N. Y. * Montreal, Canada 





Ayerst Laboratories make “‘Trilene’’ available in the United States by arrangement with Imperial Chemical 
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(Pharmaceuticals) Limited. 











IMPROVED FOUR WAYS 
NCG permonent type tent canopies com- 
bine long wear with convenient use. Metal 
suspension grommets prevent tearing. Edges 
ore bound with green plastic tape. Front, 
bock and side zipper openings. Built-in 
thermometer. 





BETTER, BUT COSTS LESS 
NCG's new "6400" oxygen regulator rep- 
resents an important advance in regulator 
design. It delivers the unvorying rate of 
flow characteristic of the finest 2-stage reg- 
vlators, yet is comparable in cost to single- 
stage types. 





EMERGENCY RESUSCITATION UNIT 
This easily portable unit in Emergency Room 
and on each floor provides valuable pro- 
tection against emergencies. Unit consists of 
two-cylinder (Type E) carrier, and “Handy 
Resuscitotor” (described at right), complete 
with regulotor and aspirating device. 





Letter 


Inhalation Therapy Equipment 


PREFERRED FOR CHILDREN 
NCG's Plymouth” Tent is widely preferred 
for children and infants because of its 
therapeutic merit plus its ease of opera- 
tion, flexibility of use and low cost. Com- 
pact, lightweight, ideal for cubicles. Effec- 
tively used as o croup tent. 





“COLD STEAM” OXYGEN 
The NCG Nebulizer is the new conti ly 
operating nebulizer thot delivers oxygen 
super-saturated with moisture particles os 
small as 3 microns or less in diameter. Can 
be used throughout the hospital with cylin- 
ders or with piped oxygen. 








HANDY RESUSCITATOR 
For the administration of artificial respira- 
tion to infants, children and adults. Auto- 
matically adjusts depth of respiration to 
individual lung capacity. Applicable by 
mask, catheter or tube. Simplified, com- 
pact ond effective. 








Because of the key role inhalation therapy 
increasingly plays in hospital procedures, 
men responsible for the selection of in- 
halation therapy equipment weigh care- 
fully the considerations that govern its 
design and manufacture. 

NCG Medical Division works in close 
cooperation with eminent medical author- 
ities in the design of its inhalation therapy 
equipment. This equipment has resulted 
in new effectiveness of attack on respira- 
tory diseases of various types. Hospital 
and clinic directors not only have reported 
such successes but have voiced sincere ap- 
proval of NCG equipment. These facts 
can be laid before you in greater detail by 
your NCG representative 





NEW OPEN-TOP OXYGEN TENT 


The Open-top Oxygen Tent with NCG 
Microfier* provides high concentrations of 
oxygen super-saturated with moisture por- 
ticles of microscopic size. Open top facilitates 
nursing core. Inexpensive. Moy be used with 
or without antibiotic and detergent solutions. 

*Trade Mork 


NATIONAL CYLINDER GAS COMPANY 
840 N. Michigon Avenue, Chicage 11, Illinois 
Branches and Deolers from Coast to Coast 


® 


MEDICAL DIVISION 


Copyright 1955, National Cylinder Gas Company 
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Va cuum CENTRAL 


SUCTION 
YOU CAN 
DEPEND ON! EQUIPMENT 


NEW, IMPROVED VACUUM 
REGULATOR AND 

TRAP BOTTLE 

Ohio’s newly designed model 
features great versatility, easy 
cleaning, and strong, simple 
construction that assures low 
maintenance and long service. 


& HIGHLY ACCURATE REGULATOR gives } 
maximum flow for fast pickup even 
at low settings ; 
FULL VACUUM—without changing 
bottles, tubing or connections 
SEPARATE REGULATOR assembly 
remains on wall bracket when 
trap bottle is removed 

@ TWO-PIECE TRAP BOTTLE CAP 
allows bottle to be removed 
by a twist of the cap ring 

@ SIMPLE OVERFLOW CHECK 

permits easy removal of 

trap bottle 


NEW OHIO VACUUM PUMP 


Ohio’s rotary oil-sealed pump provides dependable operation 
with low installation and maintenance cost. Automatic con- 
trol keeps adequate vacuum, while improved sediment 
strainer prevents solid particles from entering tank or ume. 
Automatic oiling, safety-covered ‘‘V” belt drive, completely 
sound-deadened. Simplex model yt here is also 
available as duplex or twin pump. A wide variety of models 
will meet the hospital's needs—large or small. 


Ohio Chemical & Surgical Equipment Co. 


7 1400 East Washington Avenue 
\ Madison 10, Wisconsin, Dept. NA-I1 


OHIO CHEMICAL & SURGICAL EQUIPMENT CO Please send me Catalog Section 4677B 
MADISON 10, WISCONSIN 
Ohio Chemical Pacific Company, San Francisco ; EE, 
Ohio Chemical Canada Ltd., Toronto 2 
Airco Company International, New York 17 | Address ...........-..-e0 
Cia. Cubana de Oxigeno, Havana I 


(All Divisions or Subsidiaries of I 
Air Reduction Company, Incorporated) 
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in every phase... 


smooth anesthesia 


SURITAL sodium 


ultrashort-acting intravenous anesthetic 


induction smooth and rapid 
maintenance easily controlled with 


minimal respiratory and 
circulatory depression 
recovery prompt and notably free 


of complications 


Detailed information on SURITAL sodium 
(thiamylal sodium, Parke-Davis) 
is available on request. 





PARKE, DAVIS & COMPANY, DETROIT, MICHIGAN 
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Survey of Anesthesia Service: 1955 


Mrs. Jessie L. Compton, R.N., Marie N. Bader, R.N., 
Minnie V. Haas, R.N., and Agnes M. Lange R.N. * 


In conducting its programs and in 
planning for the future, the Board of 
Trustees of the American Association 
of Nurse Anesthetists has long been 
aware of the need for an accurate 
estimate of the number of persons 
who administer anesthesia in the 
United States. In 1950, a survey was 
made by sending a questionnaire to 
members of the A.A.N.A. From an 
analysis of that questionnaire it was 
estimated that 16,815 anesthetists 
were needed and that there were at 
that time only 5,515 persons with 
known qualifications as anesthetists. 
Since that questionnaire was sent to 
members of A.A.N.A. only, it was 
recognized “that all these hospitals 
had qualified anesthetists in their 
employ, either as full-time or part- 
time workers, and the statistics should 
not be interpreted as being repre- 
sentative of all hospitals.”? 

It is the belief of this association 
that opinions and guessing do not 
supply an adequate basis for estimat- 
ing the present supply of persons in 
the field and cannot serve as a basis 
for improving the situation. 

Since the 1950 survey did not cov- 
er all hospitals, and since the data are 
probably obsolete because of the rap- 


"Members of the Planning Committee. 


Presented at the Business Session of the 
American Association of Nurse Anesthetists 
meeting in Atlantic City, September 20, 1955. 


id changes in the hospital field, and 
because the shortage of anesthetists 
still exists, a new survey was indi- 
cated. To determine the present situ- 
ation, a questionnaire was sent to all 
hospital administrators in the United 
States and its territories and posses- 
sions. In requesting participation in 
the survey the following statement 
was made: “Before a realistic ap- 
proach could’ be made to solving the 
problem of the apparent continuing 
shortage of anesthetists it would seem 
necessary to know who is now ad- 
ministering anesthesia.”’ The hospital 
administrators were asked to supply 
the following information: ‘During 
the month of January 1955 what per- 
sons were giving anesthesia in your 
hospital; the name and title (R.N., 
M.D., etc.) ; the approximate number 
or percent of anesthesias given by 
each. If anesthesia service in the 
obstetric department is not covered 
by the persons listed please list the 
names separately.” 


THE RESPONSE 


7,032 questionnaires were mailed; 
3,235 were returned. Of the 3,235 
that were returned 13% were from 
hospitals that did not have anesthesia 
departments or did not supply the 
information requested in a manne 
that could be used. For instance, 
among those that did not supply 
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NATIONAL AVERAGE ALL HOSPITALS...... 467% 
NATIONAL AVERAGE USABLE INFORMATION 87% 
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Figure 1. Percent of questionnaires returned from hospitals in geographic regions and the 


percent of usable returns. 


usable information some of the rea- 
sons given were: 


“We do not furnish names of our 
personnel to outside agencies 
“This hospital has one physician 
anesthetist and 5 nurses (no names 
being given) 

“All anesthesia is administered by 
physicians in general practice, a 
very unsatisfactory situation that 
we hope to change and one that I 
do not like 

“We have only registered nurse 
anesthetists...we are very happy 
with this service 

“The law...in this state does not 
provide for anesthesia to be given 
by nurses 

“We formerly employed nurse 
anesthetists but have been unable 
to get such a person 


“No anesthesia given; reason— 
surgery was discontinued because 
of the lack of an anesthetist” 


THE VALIDITY OF THE RESPONSE* 


The questionnaires that were re- 
turned were tested to _ evaluate 
whether they represented an adequate 
coverage both geographically and by 
hospital size. They were divided ac- 
cording to four sizes of hospitals: 0 
to 49 beds, 50 to 99 beds, 100 to 249 
beds, 250 beds and over, and were 
then sorted according to state. Infor- 
mation for hospital size was obtained 
from the 1954 Hospital Administra- 
tors Guide published by the American 
Hospital Association. * 


To test whether there was signifi- 
cance in the location or the size of 


*The statistical analysis of the current survey was computed by the Counselling and Testing 


Service, Roosevelt University of Chicago, Illinois, Alyce icha: 
The professional staff members of the Counseling and Testing Service have been 
; since 1952. ° 


Co-Directors. 


Test Construction Consultants for the A.A.N.A. 


Graham and Richard E. Pasca, 


They have been primarily concerned 


with the construction, scoring and item analysis of the Association’s Qualifying Examinations 
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the hospitals that did not return the 
questionnaire, these were counted in 
the AHA Directory and compared by 
size and location with those hospi- 
tals that did return questionnaires. 
There did not seem to be a statistical 
difference in the replies and non-re- 
plies. Figure 1 gives the percentage 
of replies from each of ten regions, 
the black number indicating the per- 
cent of usable questionnaires from 


A.S.A. Total 








that region, the red figure being the 
percentage of all hospitals in the re- 
gion represented in the total return. 


Response by hospital size varied; 
questionnaires having been returned 
from 39% of the 0 to 49 bed hospi- 
tals; 49% of the 50 to 99 bed hospi- 
tals; 55% of the 100 to 250 bed 
hospitals and 51% of the 250 bed 
and over hospitals. 


AANA. 
ActiveMembers Hospitals Active Members 





Figure 2. Percent of names of members of AANA and ASA in relation to percent of 


questionnaires returned. 
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The national average was a 46% 
returned questionnaires, 87% of 
which contained information that 
was usable in this study. 

To further test the coverage of the 
replies the information was classi- 
fied according to the percentage of 
members of the American Society of 
Anesthesiologists and members of 
the American Association of Nurse 
Anesthetists and the percentage com- 
pared to the total response. The re- 
sults of this analysis is illustrated in 
Figure 2, which shows that 55% of 
the names of active members of ASA 
as listed in its 1954 Directory’, 
51% of the names of active members 
of AANA as listed in its Directory 
of May 19544 were included in 
the replies. 

To show the distribution of A.A.- 
N.A. and A.S.A. members by states, 
the percent of names in each group, 
compared to the total number of 
names in the respective directories 
were charted and are graphically 
presented in Figure 3. Except in a 
few instances where the smallness of 
the sampling affected the response, 
there was little variation from the 
national averages. 


THE ANALYSIS 


Having tested the responses and 
having found that they did represent 
a valid sampling of the hospitals of 
all sizes and of all locations, and of 
the members of A.A.N.A. and of 
A.S.A., the data were analyzed to 
obtain the facts that were the object 
of the study. 


Wuo 1s Givinc ANESTHESIA? 


In the preliminary review of the 
questionnaires persons were classified 
according to eight categories: 

1. Members of the American As- 

sociation of Nurse Anesthetists 
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as indicated by their listing as 
active members in the A.A.N.A. 
Directory. 

2. Members of the American So- 
ciety of Anesthesiologists as 
indicated by their listing as ac- 


tive members in the AS.A. 
Directory. 
3. Nurse anesthetists—so _ desig- 


nated in the replies, but whose 
names could not be found in the 
A.A.N.A. Directory. 

4. Physician anesthetist—so des- 
ignated in the replies but whose 
names were not included in the 
A.S.A. Directory. 

5. Registered nurses—no_indica- 
tion of being known as an anes- 
thetist and often included on 
the questionnaires with other 
names whose titles were listed 
as R.N.A. or M.A.A.N.A. 

6. Physicians—no_ indication of 
being known as anesthetists and 
most often listed as general 
practitioner. 

. Student anesthetists. 

8. Others—in this category were 
placed all names of persons 
whose titles indicated that they 
were neither nurse nor doctor. 


~I 


The categories of “physician” and 
“physician anesthetist” were often not 
clearly defined. This was true also of 
“nurse anesthetist” and “registered 
nurse.” The “student” category listed 
both physicians and nurses. 


Since the qualifications of persons 
in these groups could not be deter- 
mined it was decided to combine the 
groups into five categories. 


1. Active members of the American 
Association of Nurse Anesthe- 
tists, for purposes of the graphs 
listed as A.A.N.A. 


2. Active members of American 
Society of Anesthesiologists, for 
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A.A.N.A. A.S.A. 
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ALABAMA 
ARIZONA 
ARKANSAS 
CALIFORNIA 
COLORADO 
CONNECTICUT 
DELAWARE 
DIST. OF COLUMBIA 
FLORIDA 
GEORGIA 
IDAHO 
ILLINOIS 


KENTUCKY 
LOUISIANA 
MAINE 
MARYLAND 
MASSACH SETTS 
MICHIGAN 
MINNESOTA 
MISSISSIPPI 
MISSOURI 
MONTANA 
NEBRASKA 
NEVADA 

NEW HAMPSHIRE 
NEW JERSEY 
NEW MEXICO 
NEW YORK 
NORTH CAROLINA 
NORTH DAKOTA 
OHIO 
OKLAHOMA 
OREGON 
PENNSYLVANIA 
RHODE ISLAND 
SOUTH CAROLINA 
SOUTH DAKOTA 
TENNESSEE 
TEXAS 

UTAH 
VERMONT 
VIRGINIA 
WASHINGTON 
WEST VIRGINIA 
WISCONSIN 
WYOMING 


TOTAL =! 


Figure 3. Percents of names of members of A.A.N.A. and AS.A. included in questionnaires 
according to states. 
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purposes of the graphs listed as 
A.S.A. 

3. Physicians (including “physi- 
cian anesthetists” whose names 
were not in the A.S.A. Direc- 
tory), for purposes of the 
graphs were listed as M.D. 

4. Registered nurses (including 
R.N.A.’s whose names were not 
in the A.A.N.A. Directory), for 
purposes of the graphs were 
listed as R.N. 

5. Others. The titles of this group 
in no way indicated any of the 
above categories and included: 

“nurse” (as distinguished from R.N. on a 
few replies) 


Doct. act. Osteopathy displaced person 


DMD “office girl’ 
student *nurses “helper” 
L. vocational nurse <4 


“special trained” 
FACC 

Ph.G. (sic) 
dental int. 

RN technician 
dental student 
x-ray technician 


med. technicians 
med. students 
administrator 
L. pract. nurse 
pract. nurse 
nurses aid 
dietitians 


QUALIFICATIONS OF PERSONS 
ADMINISTERING ANESTHESIA 


Group I: Active members of A.A.- 


N.A. 
The Bylaws® of the Americar 
Association of Nurse Anesthetists 


list the following requirements for 
membership: 


ARTICLE 1 
MEMBERSHIP 


Section 1. — Qualifications for Active 

Membership 

Any person is eligible for membership as 
an Active Member who: 

A. Is a graduate from an accredited high 
school or its equivalent, 

B. Is currently validly registered as a 
professional, graduate nurse, and upon ap- 
plication for membership presents evidence 
of such current valid registration, 

C. Is of good moral and ethical stand- 
ing in the profession, 
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D. Presents evidence of: 

1. Continuous experience in the adminis- 
tration of anesthetics since 1933 in approved 
hospitals; or 

2. Clinical experience in the administra- 
tion of anesthetics totalling at least five 
(5) years, which experience started before 
January 1, 1942, the adequacy of such clin- 
ical experience to be evaluated by the 
Credentials Committee and of a refresher 
course as_ specified by the Board of 
Trustees; or 

3. Graduation from a school of anesthe- 
sia, which school, 

a. If graduation was prior to 1939, 
gave a course of at least four (4) 
months; or, 
If graduation was between 1939 
and August 31, 1947, gave a 
course of not less than six (6) 
months and complied with the 
standards of this association; or, 
c. If graduation was after September 
1, 1947, gave a course of not less 
than eight (8) months and com- 
plied with the standards of this 
association; or, 
d. If graduation was after January 
1, 1951, gave a course of not less 
than one (1) year and complied 
with the standards of this associa- 
tion; and 

E. Passes a qualifying examination as 
directed by the Board of Trustees of this 
association, unless waived by the Board. 

(If date of graduation from any of the 
above courses was more than five (5) 
years prior to the date of application the 
candidate must present evidence of present 
clinical ability.) 


a 
LY 


Group II: Active members of 


A.S.A. 


The Bylaws® of the American 
Society of Anesthesiologists gives the 
following definition in its categories 
of membership: 


CHAPTER 1: MEMBERSHIP 
“A physician who is engaged or spe- 
cially interested in the practice of 
anesthesiology, who holds a degree 
of doctor of medicine or bachelor of 
medicine, who is licensed to practice 
medicine in the state in which he 
practices (excepting a doctor of medi- 
cine in the Armed Services of the 
United States of America or Canada 
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or in the Veterans Administration), 
and, who, if engaged in the practice 
of medicine, is an active member in 
good standing of his county medical 
society or its equivalent or, if not 
engaged in the practice of medicine, 
is of good ethical and _ professional 
reputation, shall be eligible to be- 
come an active member.” 


Since there is no way of checking 
the qualifications as anesthetists of 
any of the categories R.N., M.D. or 
others, no attempt has been made to 
do so. Those names were placed in 
these categories with every realiza- 
tion that some of these persons may 
be as well or better qualified as those 
whose names appear in the category 
of ASA and AANA, but it seems logi- 
cal to assume that the larger percent- 
age of persons who belong to their 
respective professional societies have 
been subjected to training that should 
qualify them above other persons 
who may not have had special train- 
ing. For purposes of this survey the 
term “qualified” will designate cate- 
gories I and II, those whose qualifi- 
cations have been defined. 


Using these categories, the Co- 
Directors of the Counselling and 
Testing Service, Roosevelt University 
of Chicago, Illinois, Alyce E. Graham 
and Richard E. Pasca, analyzed the 
data according to the following 
method: 

“A description of the division of 

persons giving anesthetics into the 

5 categories (AANA _ members, 

ASA members, R.N., M.D., etc.) 

was given above. We divided the 

hospitals into 4 categories as de- 
vised by the American Hospital 

Association, 0-49 beds, 50-99 beds, 

100-249 beds, 250 beds and over. 

We tabulated the percent of anes- 

thetics given by each professional 

category listed above and by vari- 
ous hospital size. A frequency dis- 
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tribution by professional category 
and hospital size was arranged. 
On the basis of this frequency dis- 
tribution a median percent of 
anesthetics administered by each 
professional category by hospital 
size was obtained. Since all hospi- 
tals did not reply to this survey 
we projected these medians to 
determine the percent of coverage 
of all hospitals. We wanted to 
clarify the statistics as to the per- 
cent of qualified personnel admin- 
istering anesthetics by various 
hospital size. We then computed 
the percent of coverage by AANA 
and ASA members for each size of 
hospital. The percent of coverage 
for the nation as a whole was ob- 
tained by a summation of the 
original tabulations and the com- 
putation of medians for each pro- 
fessional category.” 


OBSTETRIC COVERAGE 


The question concerning obstetric 
service was worded in a manner that 
made it difficult to analyze the re- 
turns. Since those questionnaires that 
did not have a reply to the question 
could not be categorized definitely 
as having obstetric service covered by 
the anesthesia department, or as 
having no anesthesia department, it 
was believed that conclusions would 
not be valid. From a casual survey, 
however, there are many departments 
of obstetrics that did not have anes- 
thesia services by the members of 
the department of anesthesia, and in 
this group even a larger percentage 
of persons than were listed for surgi- 
cal services were neither nurses nor 
doctors. To obtain accurate statistics 
we believe that a separate question- 
naire should be sent to hospitals to 
obtain information concerning the 
anesthesia situation in the obstetric 
department. 
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HosPITAL SIZE IN RELATION TO 
ANESTHESIA PERSONNEL 

From the data a chart (Figure 4) 
was constructed to show the percent- 
age of hospitals that have even one 
member of the ASA or of the AANA 
or a combination of both. At least 
one member of ASA is available in 
only 10% of the 0-49 bed hospitals, 
22% of the 50-99 bed hospitals, 53% 
of the 100 to 249 bed hospitals and 


68% of the 250 bed and over 
hospitals. 


At least one member of AANA is 
available in 29% of the 0-49 bed 
hospital, 59% of the 50-99 bed hos- 
pital, 78% of the 100-249 bed hospi- 
tal and 74% of the 250 bed or over 
hospital. 

The combined services of at least 
one ASA member or one AANA 
member or both shows 35% in the 










50-99 


100-249 


250 
and Over 
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0-49 bed hospital, 72% in the 50-99 
bed hospital, 96% in the 100-249 bed 
hospital and 89% in the 250 bed or 
over hospital. The combination takes 
into account that in some instances 
several anesthetists work in more 
than one hospital and in many hos- 
pitals both ASA and AANA members 
contribute to the anesthesia service. 

That the anesthesia service in each 
of these hospitals may not include 
full time coverage by qualified per- 
sons may be deducted from the fact 
that many anesthetists, both nurse 
and physician, are available for duty 
in more than one hospital. 

As each name on the questionnaire 
was checked against the names in the 
directories of ASA and AANA, a 
name that appeared on more than 
one questionnaire was indicated, but 
such duplications were not added into 


50 60 70 80 90 100 
A.S.A. 
A.A.N.A. 

odie: Combination* 


“Several anesthetists work 
in more than one hospital 
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Figure 4. Percent of hospitals in each of four sizes that have anesthesia service available 
by even one member of ASA, AANA or a combination of both. 
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the total supplying the percentage 
of members involved in the sampling. 
The duplication of names may be of 
interest in that of the 3,250 names of 
AANA members, 139 appeared twice, 
13 three times and 2 iour times, and 
of the names of 1,638 ASA members 
222 appeared twice, 62 three times 
and 13 four times. 
DIFFERENCE IN COVERAGE 
BY STATES 
There is a wide range of anesthesia 
service by qualified persons, not only 
according to hospital size but accord- 
ing to state. (Figure 5) 
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ANESTHESIAS ADMINISTERED BY 
PERSONS IN EACH CATEGORY 


The data in the preceding figures 
would seem to indicate that there is 
progress being made in providing 
qualified persons for anesthesia serv- 
ice. Further study, however, reveals 
a somewhat less encouraging picture. 
The percents of the anesthesias ad- 
ministered by each person in each 
hospital were analyzed. In this part 
of the survey some of the data were 
not complete. Of 2,815 questionnaires 
used in the preceding analyses, 252 














Figure 5. Percent of hospitals with at least one member of ASA or AANA available for 


anesthesia service. 


Members of ASA or AANA are 
available in only 40% of hospitals 
in Kansas, the percent of persons in 
these categories ranging upward to 
100% in Connecticut, Rhode Island 
and some United States territories and 
possessions. 


did not contain information usuable 
for this analysis. The remaining 
2,563 questionnaires represent 35% 
of the entire number of hospitals 
contacted, and, therefore, seemed to 
constitute a valid sampling. The 
number of anesthesias administered 
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by each person was converted to 
percentage where percentages had 
not been given. The percentage of 
anesthesias given by each of the 5 
categories of individuals was com- 
puted according to the method ex- 
plained on page 229. The data are 
shown in Figure 6. 

The small hospital, as is evident 
from the graphs, has far less than 
the national average of anesthesia 
service by qualified persons. Of the 
anesthesias administered in the hos- 
pital with 0-49 beds, only 29% are 
given by members of A.A.N.A. and 
A.S.A. In the hospital with 50-99 
beds, almost twice as many anesthe- 
sias are given by members of 
A.A.N.A. and A.S.A. as are given in 
the smaller hospital: 53% compared 
to 29%. Hospitals with 100-249 
beds, and with 250 or more beds, 
have almost identical coverage by 
qualified persons; 62% and 63%, 
respectively. 

The small hospital has a larger 
percentage of persons who are neither 
registered nurses nor physicians, 4% 
of the anesthesias being given by 
persons of this category as compared 
to 1% in the 50-99 bed hospitals, 
2% in the 100-249 bed hospitals, and 
1% in hospitals with more than 250 
beds. 

The national averages show that 
34% of the anesthesia service is 
given by members of the AANA, 18% 
by members of ASA, 19% by R.N.’s. 
27% by M.D.’s, and 2% by persons 
who are neither registered nurses, nor 
doctors. Projecting the figures to 
national averages shows that 52% of 
anesthesias in the United States are 
administered by members of the 
AANA and ASA, 46% by physicians 
and nurses whose qualifications as 
anesthetists are unknown and 2% by 
persons who are neither nurses nor 
doctors, 
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With the continuing shortage of 
qualified anesthetists evidenced by 
the continuing demand, and with the 
increasing needs, it seemed well to 
know whether the demand was re- 
gional or general, and whether prog- 
ress was being made in supplying the 
needs. That the need for anesthetists 
will increase seems to be a logical 
assumption in view of the number of 
new hospitals being built, the number 
of old hospitals being expanded to 
provide for the increasing hospital 
population; the increased number of 
births in hospitals; the number of 
aged patients; the increasing scope 
of prepaid hospital plans, and the 
broader scope of surgery. The nursing 
situation also affects the supply and 
will affect the future demand for 
qualified persons in the field of anes- 
thesia. The present shortage of 
nurses, the trend toward an eight 
hour day for nurses as well as the 
efforts of some persons to discourage 
nurses from entering the field of 
anesthesia, help delineate the prob- 
lem of whether there are enough 
trained persons in the field and 
whether the present training pro- 
grams are adequate to supply the 
present and future needs. 


This study shows that: 


1. only slightly more than one-half 
of the anesthesias are adminis- 
tered by persons whose qualifi- 
cations are known 


2. the hospital with less than 100 
beds does have fewer qualified 
persons to administer its anes- 
thesia service than do larger 
hospitals, and 


3. the combined services of mem- 
bers of ASA and AANA are not 
adequate to cover the demands 
in the hospitals of all sizes, 
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Figure 6. The percent of anesthesias administered by each of the five categories of persons 
in each of the four sizes of hospitals. The bar graph at the bottom of the page shows the 
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It would appear that all persons 
interested in providing good anes- 
thesia service should concentrate 
upon recruitment; the provision of 
additional training facilities, and the 
fostering of cooperation among all 
persons in the hospital field toward 
achieving this end; and the hospital 
administrator and staff should as- 
sume responsibility for providing 
training facilities. AANA’s responsi- 
bility would seem clearly indicated 
in that it should 


1. provide means for keeping its 
present members abreast of the 
developments in anesthesia 

2. provide adequate training for 
students in schools of anesthesia, 
and 

3. encourage an increase in the 
number of schools and students 
to help meet the present need 
and provide for the future 
needs. For those persons in the 
field of anesthesia whose quali- 
fications are not known, an 
effort should be made to reach 
the ones having qualifications 
comparable to those of AANA 
members and to make member- 
ship available to them. This is 
being done at present in a small 
way by providing a refresher 
course for experienced non- 
members. This program should 
be given wider publicity. 

4. Encourage trained persons to 
work in smaller hospitals as 
well as in larger hospitals. 


The suggestion that has been made 
that persons in the field of anesthesia 
who have had little or no training, 
and only limited experience, should 
be given some category of member- 
ship in the professional associations 
would seem only to add a false seal 
of approval. 
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The use of the term RNA in re- 
plies to the questionnaire had no 
relationship to membership in AANA. 
In fact, among nurses, more non- 
members than members of the Asso- 
ciation had this designation following 
their names. It would seem appropri- 
ate that the AANA have some con- 
cise title that would signify to the 
employer that the individual has met 
the standards required for association 
membership. 


Although the results of this ques- 
tionnaire seem to indicate some im- 
provement in anesthesia coverage, 
the facts do not warrant over-opti- 
mism in the past 6 years. When we 
realize that these facts pertain only 
to anesthesia service in surgical de- 
partments and do not include either 
obstetric or office service, it must be 
assumed that the need is even greater 
than the facts brought out by this 
survey would indicate. 

That the physician anesthesiologist 
cannot replace all of the present 
supply of nurse anesthetists is ob- 
vious. With 6,340 active members of 
AANA and 3,000 active members of 
ASA providing only 52% of the cov- 
erage, it is evident that 17,963 per- 
sons would be required to give 100% 
coverage of anesthesia service by 
trained personnel. With only 3,000 
of this number active members of 
ASA, it would mean almost 6 times 
as many physicians would be needed. 
Using the number of 6,800 graduates‘ 
from all medical schools in 1954 
it would require 2% years—-with 
all graduates from all medical schools 
entering this specialty—to supply the 
present demand. 


Since this turn of events is highly 
improbable, and since nurse anes- 
thetists are giving good service in all 
sizes of hospitals for all types of sur- 
gery, it would seem logical for all 
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persons involved in this problem to 
cooperate in providing more well- 
trained nurses as well as physicians 
in this field. 

SUMMARY 

A survey of the anesthesia service 
in United States hospitals has shown 
that: 

1. 34% of anesthesias in all hospi- 
tals are given by members of 
AANA 

2. 18% of anesthesias in all hospi- 
tals are given by members of 
ASA 

3. 27% of anesthesias are given by 
physicians whose qualifications 
as specialists are unknown. 

4. 19% of anesthesias are given by 
nurses whose qualifications are 
unknown 
2% of anesthesias are given by 
persons who are neither regis- 
tered nurses nor physicians 
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6. Hospitals of less than 100 beds 
do not have anesthesia service 
by qualified persons in as great 
proportion as do larger hospitals 

7. That the figures included in this 
report do not reflect the total 
picture since anesthesia service, 
other than for surgery, has not 
been covered by the survey. 
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Modern Concepts of Balanced 


Anesthesia 


Francis F. Foldes, M.D. * 
Pittsburgh, Pennsylvania 


For almost 100 years after the in- 
troduction of anesthesia into medical 
practice, the various requirements of 
anesthesia in a given case were met 
by the administration of a single 
agent. This was made possible by 
the fulfillment, by ether and chloro- 
form—the first two agents used ex- 
tensively for surgical anesthesia—of 
the three most important require- 
ments of anesthesia, namely, anal- 
gesia, sleep, and muscular relaxation. 
In the last few decades, however, it 
became evident that the use of a 
single agent for the production of 
these requirements is frequently ac- 
companied by unnecessary depression 
of vital physiological mechanisms.’ 


In recent years there has been an 
increasing tendency to use a combi- 
nation of several drugs for anesthesia, 
instead of a single agent. These are 
so selected that each drug employed 
is used for the purpose for which its 
pharmacological properties make it 
primarily suitable. For example, bar- 
biturates are used to produce sleep, 
analgesics and nitrous oxide to pro- 
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duce analgesia and neuromuscular 
blocking agents to supply the neces- 
sary muscular relaxation. 


The concepts of balanced anesthe- 
sia go back to Crile and Lower” and 
to Lundy.* A further impetus to the 
development of anesthesia was given 
by the introduction of cyclopropane 
and thiopental sodium. Since these 
agents did not always provide ade- 
quate muscular relaxation, neuromus- 
cular blocking agents were introduced 
and are now being used extensively. 
A further development was the in- 
troduction of various narcotic anal- 
gesics for the supplementation of ni- 
trous oxide-oxygen-thiopental anes- 
thesia. This made possible the 
administration of smaller doses of 
barbiturates and resulted in earlier 
recovery of the patient. The most 
recent and logical step, leading to 
the perfection of balanced anesthe- 
sia, was the introduction af narcotic 
antagonists which, in appropriate 
dosage, counteract the respiratory 
depression produced by the narcotic 
analgesics. 


To utilize fully the advantages of 
balanced anesthesia it is imperative 
that the agents used should not only 
be selective, but also short-acting 
and thus controllable. Consequently, 
whenever there is a _ choice, the 
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shortest acting of the available drugs, 
suitable for the desired purpose, 
should be employed. 

The technic of balanced anes- 
thesia will depend on the nature of 
the case and the requirements that 
the anesthetist has to meet. In many 
cases it is only necessary to produce 
amnesia, sleep, and analgesia. In 
other cases good muscular relaxation 
should also be provided. Recently 
the maintenance of deliberately in- 
duced hypotension and hypothermia, 
as well as the sustenance of life in 
the presence of interrupted circula- 
tion to various vital organs, also be- 
came the province of the anesthesiol- 
ogist. 

In the present paper the technic 
of balanced anesthesia will be de- 
scribed both for cases in which mus- 
cular relaxation is not required and 
for cases in which it is needed. Since 
such requirements as_ pre-operative 
medication and induction of anes- 
thesia are almost identical, irrespec- 
tive of the need for muscular relaxa- 
tion, these items will be discussed 
together. 


PRE-OPERATIVE MEDICATION 

Space does not permit detailed 
consideration of all aspects of pre- 
operative medication. A few impor- 
tant points however, might bear 
re-emphasis. Perhaps the most signi- 
ficant aspect of premedication is 
proper timing. All too often pre- 
medication is still ordered on call. 
This frequently results in too short 
an interval before induction of anes- 
thesia, so that the premedication 
fails to exert the desired effect. Hence 
the patient is fully alert and appre- 
hensive on arrival in the operating 
room. Pre-operative pain is present 
and the desired depression of the 
parasympathetic nervous system is 
not adequate. If, at this point, the 
anesthetist tries to correct the situa- 
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tion with an additional intravenous 
dose of a premedicating agent, then 
later in the course of anesthesia the 
original premedication, the corrective 
dose, and the anesthetic agent will 
act simultaneously and may cause 
undue depression of the patient’s 
vital mechanisms. 


Short-acting barbiturates should be 
given 90 minutes and analgesic and 
parasympatholytic agents 45 to 60 
minutes before institution of anesthe- 
sia. To avoid the variability of ab- 
sorption from the gastro-intestinal 
tract and the possibility of intracu- 
taneous instead of subcutaneous in- 
jection, the drugs used for premedi- 
cation are best given intramuscularly. 
When exact timing is not possible, 
premedication should be given too 
early rather than too late. If the 
effect of prematurely administered 
premedication has partly worn off, 
the situation can be remedied by 
giving an appropriate intravenous 
dose. 


Besides the age, weight, and physi- 
cal condition of the patient, his habits, 
such as alcoholism or barbiturate 
addiction and certain pathologic 
conditions such as hypothyroidism or 
liver or kidney disease, should also 
be taken into consideration. Alcohol- 
ics often become excited from short- 
acting barbiturates especially if they 
are in pain, and in such patients 
these drugs should be replaced by 
intravenous alcohol, or if this is not 
available, by paraldehyde or chloral- 
hydrate. Addicts need considerably 
larger doses of barbiturates and opi- 
ates for premedication. Patients with 
hypothyroidism or liver disease are 
very sensitive to short-acting barbi- 
turates and opiates. In patients with 
liver disease short-acting barbitu- 
rates should be avoided and the dose 
of opiates must be decreased to 1/3 
to 1/2 the normal dose. Long-acting 








barbiturates, which are excreted 
through the kidneys, are not rec- 
ommended in renal disease. 


PREPARATION FOR INDUCTION 
oF ANESTHESIA 

On the patient’s arrival in the 
operating room an intravenous in- 
fusion is initiated with a No. 18 or 
17 needle, using either a solution of 
5% dextrose in H2O or, if it is antic- 
ipated that the patient will require 
transfusion of blood during surgery, 
of 5% dextrose in 0.9% NaCl. From 
then on, all intravenous injections are 
administered through the rubber 
sleeve of the intravenous tubing. 

Next, the patient’s mouth and 
pharynx are sprayed with a suitable 
topical anesthetic agent (eg. 1% 
tetracaine solution). Topical anes- 
thetization of the mouth and pharynx 
and later that of the larynx is neces- 
sary because none of the agents used 
in balanced anesthesia are capable of 
depressing the irritability of the 
glossopharyngeal and the vagus 
nerves. Consequently, unless the up- 
per air passages are topically anes- 
thetized the patient will require much 
deeper planes of general anesthesia, 
to tolerate an oropharyngeal or naso- 
pharyngeal airway or an endotracheal 
tube. Topical anesthetization will also 
help to prevent the development of 
laryngospasm and bronchospasm that 
occasionally complicate the induction 
of anesthesia with short-acting 
barbiturates. 


THE MAINTENANCE OF ANALGESIA 
AND SLEEP IN BALANCED 
ANESTHESIA 

Two basically different methods 
can be used for the production of 
analgesia and sleep in balanced anes- 
thesia. According to the first method ,* 
thiopental sodium or a similar short- 
acting barbiturate is used for supple- 
mentation of nitrous oxide-oxygen 
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anesthesia and a short-acting narcotic 
analgesic is administered only when 
the patient has already received a 
hypnotic dose of the barbituate. Ac- 
cording to the second method,” rela- 
tively large doses of a short-acting 
narcotic analgesic are administered 
in conjunction with a narcotic antag- 
onist. Subsequently, small doses of 
a short-acting barbiturate are used 
only if the analgesic and nitrous 
oxide-oxygen fail to produce the 
desired level of general anesthesia 
without undue depression of the pa- 
tient’s respiratory rate. The anesthe- 
tist must make up his mind before 
the induction of anesthesia whether 
he is going to rely primarily on a 
short-acting barbiturate supplement- 
ed with relatively small doses of a 
narcotic analgesic, or whether he will 
use larger doses of analgesic together 
with a narcotic antagonist and sup- 
plement these, as the need arises, 
with very small doses of a short-act- 
ing barbiturate. Indecision on the 
part of the anesthetist, resulting in 
the use of large doses of an analgesic 
after a hypnotic dose of a short-act- 
ing barbiturate, or in the use of large 
doses of a barbiturate after relatively 
large doses of an analgesic, will lead 
to undue depression of the patient. 
It has to be kept in mind that the 
narcotic antagonist is not capable of 
counteracting the respiratory depres- 
sion caused by barbiturates. Further- 
more, it also has to be remembered 
that patients are extremely sensitive 
to the respiratory effects of short- 
acting barbiturates after large doses 
of analgesics, even though a narcotic 
antagonist has been used. The situa- 
tion is somewhat better when respira- 
tory depression is caused by the ad- 
ministration of large doses of an 
analgesic given after large doses of 
a short-acting barbiturate. In these 
cases respiratory depression will be 
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effectively counteracted by _ subse- 
quent administration of the narcotic 
antagonist. 


SUPPLEMENTATION OF NITROUS 
OxIDE-OxXYGEN ANESTHESIA WITH 
SHORT-ACTING BARBITURATES 
AND SMALL Doses OF ANALGESICS 


Anesthesia is induced by the in- 
jection of a 2’%2% thiopental sodium 
solution through the rubber sleeve 
of the intravenous tubing. The hyp- 
notic dose of thiopental sodium 
should be administered slowly, in 
small increments, allowing at least 
2 to 3 minutes for the injection of the 
total dose, which will vary from a 
few cc. to as much as 30 cc. The 
depth of anesthesia which should be 
tested frequently between each incre- 
ment of thiopental sodium will be 
judged satisfactory when the patient 
tolerates the insertion of an oropha- 
ryngeal airway in the anesthetized 
pharynx. 

Routine rapid administration of a 
single 10 or 20 cc. dose of 244% 
thiopental sodium should be avoided. 
It must be realized that any drug, 
after intravenous administration, will 
temporarily accumulate in those or- 
gans which have the best blood sup- 
ply, namely, the brain and the heart. 
Consequently, the rapid intravenous 
administration of thiopental might 
cause temporary accumulation in the 
central nervous system and the heart. 
This may result in temporary depres- 
sion of the vital centers of the brain 
and interference with myocardial ac- 
tivity. In healthy individuals, espe- 
cially if they are well oxygenated 
during induction, no lasting ill-effect 
will be caused by this temporary de- 
pression of vital functions. However, 
in patients with diseased myocardium 
or in whom the activity of the respira- 
tory and circulatory center is already 
depressed, either by premedication 
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or by pre-existing pathology, such 
methods of induction may easily cause 
prolonged circulatory and respiratory 
depression and occasionally may re- 
sult in death. In debilitated patients 
most of the ill-effects of barbiturate 
anesthesia are caused by too rapid 
induction. To counteract the effects 
of possible respiratory and circula- 
tory depression that might accompany 
the induction of thiopental sodium 
anesthesia, 100% oxygen should be 
administered during the induction 
period. 


If the patient is breathing satisfac- 
torily after the insertion of the oro- 
pharyngeal airway, the administra- 
tion of nitrous oxide-oxygen in a 4 
liter to 1 liter mixture can be initi- 
ated. If the patient’s respirations are 
depressed after insertion of the air- 
way, the administration of 100% 
oxygen should be continued until 
this difficulty is corrected. If the pa- 
tient seems to resent the airway, a 
few additional cc. of thiopental 
sodium may be administered cauti- 
ously. The bag of the anesthesia 
machine is allowed to fill up 3 times 
in succession with the 4 liter to 1 
liter nitrous oxide-oxygen mixture. 
In patients who might be sensitive 
to lack of oxygen or have a high oxy- 
gen consumption, a 3 liter to 1 liter 
or even a 2 liter to 1 liter nitrous 
oxide-oxygen mixture may be used 
for the induction of nitrous oxide- 
oxygen anesthesia. After the breath- 
ing bag of the anesthesia machine has 
been washed out at least 3 times 
with the selected gas mixture, the 
flow meters are set to deliver 500 cc. 
of nitrous oxide and 500 cc. of oxy- 
gen per minute. As previously de- 
scribed, such a mixture will 
deliver 30+ 5% oxygen and 70+ 
5% nitrous oxide to the average pa- 
tient. Here again, if higher oxygen 
concentrations are desired or if the 
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_ patient’s oxygen consumption is ex- 
pected to be unusually high, 500 cc. 
nitrous oxide and 600 or 700 cc. of 
oxygen per minute may be adminis- 
tered. To obtain the maximum effect 
from the nitrous oxide-oxygen con- 
centration used, it should be admin- 
istered for at least 5 to 8 minutes 
before the beginning of surgery. Con- 
trary to widespread belief, at least 
this length of time is necessary to 
obtain the maximum analgesic effect 
from a given nitrous oxide-oxygen 
concentration and thus to minimize 
the quantity of barbiturates and 
analgesics necessary for the supple- 
mentation of nitrous oxide-oxygen 
anesthesia. 

If the patient’s respiratory rate 
and depth are satisfactory after the 
administration of the hypnotic dose 
of thiopental sodium and saturation 
with the selected nitrous oxide-oxy- 
gen mixture, a small dose of a short- 
acting analgesic is administered 
intravenously before initiation of 
surgery. In our hands the shortest 
acting of all presently available po- 
tent analgesics, Nisentil® HCl] proved 
to be most satisfactory. Again, de- 
pending on the patient, the dose of 
Nisentil should be varied between 
5 to 20 mg. If the depth of anesthe- 
sia is not satisfactory for the re- 
quirements of surgery a few minutes 
after the administration of the initial 
Nisentil dose and the patient’s respir- 
atory rate is above 12 per minute, 
another small dose of Nisentil may 
be administered. The Nisentil admin- 
istration can be continued until 
either satisfactory depth of anesthe- 
sia is obtained or until the patient’s 
respiratory rate decreases to 12 or 
below. If satisfactory operating con- 
ditions cannot be obtained without 
the depression of the respiratory rate 
below 12, this is a sign that the pa- 
tient needs more thiopental sodium, 
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In such cases thiopental sodium is 
administered cautiously in 1 to 2 
cc. increments until the desired depth 
of anesthesia is attained. If the re- 
spiratory rate increases above 12, 
it should be endeavored to maintain 
the necessary depth of anesthesia by 
cautious administration of small 
doses of Nisentil. It will soon become 
evident how large a dose of Nisentil 
is tolerated without undue respiratory 
depression. This dose should then be 
administered at the necessary inter- 
vals which may vary from 6 to 20 
minutes. Usually, as the anesthesia 
progresses, the intervals between 
subsequent fractional doses of Nisen- 
til may be increased. During very 
long operations it will be necessary 
occasionally to administer an addi- 
tional 1 to 2 cc. of thiopental sodium. 
In general, no more Nisentil has to be 
given after the start of the wound 
closure. 

Since intravenously administered 
Nisentil has a relatively short-lasting 
effect and since most of its action is 
dissipated within 20 minutes after 
intravenous administration, most pa- 
tients will regain consciousness with- 
in a short period after discontinua- 
tion of nitrous oxide-oxygen. 

With the technic described, which 
was used in a large series of patients, 
60-90% reacted to stimulation at the 
termination of surgery.* In general, 
the longer the duration of anesthesia, 
the higher the percentage of patients 
who react to stimulation. This seem- 
ingly paradoxical finding is due to 
the fact that the longer the anesthe- 
sia, the more time is available for 
redistribution and detoxification of 
the initial dose of thiopental sodium 
and this results in a more speedy 
recovery of consciousness. 

It must be emphasized that both 
thiopental sodium and Nisentil used 
for supplementation of nitrous oxide- 
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oxygen anesthesia will always pro- 
duce some depression of the respira- 
tory rate and depth. Consequently 
it is essential that the anesthetist as- 
sist the patient’s spontaneous respira- 
tory effort throughout anesthesia. 
This can best be accomplished by 
supplementing the patient’s tidal 
volume to 500 to 600 cc. by gentle 
pressure exerted on the breathing 
bag of the anesthesia machine during 
the inspiratory period. With a tidal 
volume of 500 to 600 cc. and a re- 
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will supply approximately 30% oxy- 
gen and 70% nitrous oxide. The flow 
meter settings necessary to give such 
a gas mixture at different rates of 
total flow are shown in table 1. The 
principles of nitrous oxide-oxygen 
administration in closed circuit were 
described in greater detail in a pre- 
viously published paper.® 


If the closure of the anesthetic 
circuit is good, then the administra- 
tion of 500 cc. of nitrous oxide and 


500 cc. of oxygen per minute will 
lead to the accumulation of gas and 
the distention of the breathing bag 
of the anesthesia machine. This will 


spiratory rate above ten, the minute 
volume and what is more important, 
the alveolar ventilation rate, will be 





TABLE 1 


FLOW METER SETTINGS NECESSARY TO OBTAIN APPROXI- 
MATELY 70% N20-30% O. MIXTURES IN THE INHALED 
GAS MIXTURES WITH VARIOUS TOTAL FLOW RATES 


TOTAL FLOW FLOW METER SETTING cc. PER MIN. 


cc. PER MIN. N2O Oz 
1000 500 500 
1500 850 650 
2000 1200 800 
3000 1900 1100 
4000 2600 1400 











adequate to prevent accumulation of 
CO.. Too vigorously assisted respira- 
tion or too vigorously controlled 
respiration of the apnoeic patient 
might lead to hypocapnia. 


If, because of the contour of the 
patient’s face or for some other rea- 
son, a tight fit in the respiratory 
circuit cannot be obtained, it might 
be necessary to use higher flows of 
nitrous oxide and oxygen to main- 
tain an adequate gas volume in the 
breathing bag of the anesthesia ma- 
chine. In that case, the flow of ni- 
trous oxide and oxygen must be so 
adjusted that the resulting mixture 


hinder the patient’s expiratory ef- 
forts; consequently, whenever the 
breathing bag is more than 3/4 full, 
the bag should be partially emptied 
through the exhaust valve of the 
anesthesia machine. 


SUPPLEMENTATION OF NITROUS Ox- 
IDE-OXYGEN ANESTHESIA WITH 
ANALGESICS, NARCOTIC ANTAGONISTS, 
AND SMALL Doses OF SHORT- 
ACTING BARBITURATES. 


The drugs used with this technic 
for supplementation of nitrous oxide- 
oxygen anesthesia are levallorphan 
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tartrate, a narcotic antagonist (struc- 
turally related to levo-Dromoran® 
(see figure 1) and Nisentil. As 
soon as the intravenous infusion is 
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Figure | 


The Structural Formulae of Levo- 
Dromoran® (levorphan) and Leval- 
lorphan. 


started, levallorphan (0.01 mg./Ib. of 
body weight) is administered intra- 
venously. At least 6 to 8 minutes 
should be allowed between the initi- 
al doses of levallorphan and Nisentil. 
The initial dose of Nisentil is about 
0.4 mg./Ib. of body weight. Independ- 
ent of the patient’s weight, the maxi- 
mum initial dose of levallorphan 
should be limited to 1.5 mg. and that 
of Nisentil to 80 mg. Nisentil should 
be injected slowly; at least % to 1 
minute should be taken for the in- 
jection of the total initial dose. In 
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old and debilitated patients the ini- 
tial dose of Nisentil should be de- 
creased to 2/3 or 1/2 but the initial 
dose of levallorphan should be the 
same as in younger and stronger 
individuals. Following the injection 
of the initial Nisentil dose, the ad- 
ministration of nitrous oxide-oxygen 
is started in the manner described 
above. After the nitrous oxide-oxy- 
gen mixture has been given for a few 
minutes, an oropharyngeal airway is 
inserted in the anesthetized pharynx. 
Patients, although awake and obey- 
ing commands, will readily tolerate 
the airway at this time, in contrast 
to patients in whom thiopental sodi- 
um was used as supplementing agent. 
In the exceptional patient who does 
not tolerate the airway, 2'2% thio- 
pental sodium should be administer- 
ed in 1 to 2 cc. increments, 1 to 2 
minutes apart, until the oropharyn- 
geal airway can be inserted. When 
this is accomplished, the breathing 
bag of the anesthesia machine is 
washed out again 3 times with the 
selected nitrous oxide-oxygen mix- 
ture and then the flow rate of both 
the nitrous oxide and oxygen is de- 
creased to 500 cc. per minute. 


The patient’s sensitivity to pain 
should be tested before the beginning 
of surgery. If the patient reacts to 
painful stimuli, but the respiratory 
rate is above 16, an additional 5 to 
20 mg. dose of Nisentil may be ad- 
ministered. If suitable depth of anes- 
thesia cannot be obtained by addi- 
tional doses of Nisentil without de- 
pressing the respiratory rate, this is 
an indication that the patient needs 
small doses of thiopental sodium, 
which should be administered in | 
to 2 cc. increments, 1 to 2 minutes 
apart. The effect that can be obtain- 
ed from a very small dose of thio- 
pental sodium is indeed surprising. 
In most instances the administration 





November, 1955 


of 2 to 4 cc. of 2%% thiopental 
sodium will produce adequate depth 
of general anesthesia at this time. 
The administration of larger doses 
of thiopental sodium or of as little 
as 4 cc. in one single dose will very 
frequently produce respiratory de- 
pression. As mentioned, respiratory 
depression of this type is not ame- 
nable to treatment with levallorphan, 
and if it occurs respirations should 
be controlled until the patient re- 
sumes spontaneous respiratory 
function. 


Anesthesia can be maintained at 
a satisfactory level by the adminis- 
tration of fractional 5-20 mg. doses 
of Nisentil, administered, 8 to 20 
minutes apart, as required. Additional 
1 to 2 cc. doses of thiopental sodium 
will have to be administered only if 
adequate depth of anesthesia cannot 
be maintained without depression of 
the respiratory rate below 12. The 
anesthetist wi’ be gratified to see 
that even in the presence of markedly 
decreased respiratory rate, the re- 
spiratory depth will usually be ade- 
quate. Nevertheless, as with the pre- 
viously described method, assistance 
of the patient’s spontaneous respira- 
tion is essential with this technic. 


In contrast to Nisentil, levallor- 
phan is a relatively long-acting drug. 
Consequently, the administration of 
additional doses of levallorphan are 
usually unnecessary unless the dura- 
tion of anesthesia exceeds 2 to 3 
hours. For longer procedures it is 
frequently necessary to administer 
additional 0.5 to 1 mg. doses of 
levallorphan. 


As with the alternate method de- 
scribed, it is usually unnecessary to 
administer additional Nisentil after 
beginning of the wound closure. 
Consequently, the patient will usual- 
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ly regain consciousness very rapidly 
after discontinuation of nitrous oxide- 
oxygen. In a large series of cases 
recently reported,® the number of 
patients who reacted to stimulation 
at termination of anesthesia was well 
over 90%. Not only do the patients 
react to stimulation postoperatively, 
but most of them show a surprisingly 
high degree of alertness immediately 
after cessation of nitrous oxide-oxy- 
gen anesthesia. They are conscious 
of their surroundings, are able to 
answer questions, and very frequently 
inquire about the outcome of the 
operation. 


THE Use oF Muscle RELAXANTS IN 
BALANCED ANESTHESIA. 


The technic of administering a 
muscle relaxant will depend on the 
drug selected and on whether the 
muscle relaxant is necessary only for 
facilitation of endotracheal intuba- 
tion or for maintenance of prolonged 
muscular relaxation during surgery. 
In order to evaluate the patient’s 
requirements of the various drugs 
used for maintenance, it is essential 
that no muscle relaxant be adminis- 
tered until, after the induction of 
anesthesia, the anesthetist satisfies 
himself that the patient is breathing 
adequately, that no centrally induced 
respiratory depression is present, and 
that the level of general anesthesia 
is not too light, which would lead to 
breathholding of the patient. 


THE Use or MusciLe RELAXANTS 
FOR ENDOTRACHEAL INTUBATION. 


When muscle relaxants are to be 
employed for the sole purpose of 
facilitating endotracheal intubation, 
it is logical that the shortest acting 
muscle relaxant, succinylcholine 
(Anectine), should be used.* In gen- 
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eral, the slow (30 seconds) intra- 
venous administration of Anectine 
(0.2 to 0.3 mg./lb. of body weight) 
will produce good relaxation and 
apnea, in about 30 seconds after the 
end of the injection. This effect will 
last for an average of 2 to 4 minutes. 
Patients should be hyperventilated 
with 100% oxygen during and after 
the injection of succinylcholine. If 
the succinylcholine is injected over 
a period of 30 seconds, muscular fas- 
ciculations will be mild or absent in 
the majority of patients. Hyperven- 
tilating the patient with 100% oxy- 
gen will fill the respiratory tract with 
oxygen and by diffusion produce 
sufficient oxygenation during endo- 
tracheal intubation, even if this would 
take as long as | minute. If the en- 
dotracheal tube cannot be introduced 
within this period, the patient should 
be hyperventilated again with 100% 
oxygen for % minute and endotra- 
cheal intubation again attempted. If 
by this time the effect of the initial 
dose of succinylcholine has worn off, 
YZ or 2/3 of the initial dose will re- 
establish muscular relaxation to ac- 
complish endotracheal intubation. 
After visualization of the larynx and 
before insertion of the endotracheal 
tube, the cords and the _ trachea 
should be sprayed with a suitable 
topical anesthetic agent. Following 
the insertion of the endotracheal tube 
the patient is again hyperventilated 
with 100% oxygen for a few seconds 
and then nitrous oxide-oxygen is ad- 
ministered as described above, either 
through a face mask placed over the 
endotracheal tube or through con- 
nections directly attached to it. In 
either case, care should be taken not 
to move the endotracheal tube un- 
necessarily because the stimulus of 
a moving tube will frequently cause 
reflex breathholding in the lightly 
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anesthetized patient. As long as ap- 
nea persists the patient’s respirations 
should be controlled by administering 
500 to 600 cc. of the selected gas 
mixture by squeezing 10 to 12 times 
per minute on the breathing bag of 
the anesthesia machine. From then 
on, assisted respiration should be 
used. Too vigorous controlled respir- 
ation during the period of apnea 
might produce hypocapnia resulting 
in prolonged apnea which will make 
the resumption of the patient’s spon- 
taneous respiratory efforts difficult. 

In patients in whom undue sensi- 
tivity to succinylcholine can be ex- 
pected (patients with liver disease, 
malnutrition, severe anemia, cachexia 
due to malignancy, etc.) the dose of 
succinylcholine has to be reduced 
markedly. It is a safe practice to 
administer an initial dose of 5 mg. 
of succinylcholine to these patients. 
Frequently, this test dose proves 
satisfactory for the facilitation of 
endotracheal intubation. However, if 
it does not, then judging from the 
effect of the initial succinylcholine 
dose, additional doses may be given 
until conditions suitable for endotra- 
cheal intubation are attained. In our 
experience, alarmingly prolonged ap- 
nea will not follow the administration 
of the usual doses of succinylcholine 
in patients with increased sensitivity 
to this agent. The apnea may then 
last as long as 8 to 15 minutes, but 
it will wear off without any ill effect 
if the patient’s respiratory exchange 
is maintained adequately during the 
apnoeic period. 

When succinylcholine is not avail- 
able, one of the long-acting muscle 
relaxants may be used to produce 
muscular relaxation for endotracheal 
intubation. In general, the initial 
dose of a long-acting relaxant is 
proportional to the body weight; it 
is greater in muscular individuals 
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ACTING RELAXANTS 


d-TUBOCURARINE 
DIMETHYLTUBOCURARINE 
MYTOLON 

FLAXEDIL 

SYNCURINE 





TABLE 2 
THE AVERAGE INITIAL AND FRACTIONAL DOSES OF LONG- 


INITIAL 
DOSE (MG.) 


FRACTIONAL 
DOSE (MG.) 


12.0 to 15.0 4.0 to 6.0 
4.0 to 8.0 2.0 to 3.0 
12.0 to 15.0 40 to 6.0 
80.0 to 100.0 30.0 to 40.0 
2.5 to 4.0 1.0 to 1.5 








than in asthenics, in males than in 
females, and in the young and middle- 
aged than in the aged. Of the com- 
monly encountered pathological con- 
ditions dehydration and electrolyte 
imbalance, cachexia due to malnutri- 
tion, chronic infection or neoplastic 
disease increase sensitivity to the 
long-acting relaxants and necessitate 
significant decreases of dosage.' The 
recommended initial and fractional 
doses (see below) of these relaxants 
are summarized in table 2. 


Since the size of the initial dose 
of the relaxant is influenced by nu- 
merous factors and is selected prima- 
rily on an empirical basis, the per- 
sonal experience of the anesthetist 
is of greatest importance, but error 
in judgment cannot be avoided even 
by the most experienced. If the esti- 
mated dose is too high, apnea lasting 
anywhere from 10 to 30 minutes or 
more may result. If, on the other 
hand, the dose was underestimated, 
smooth endotracheal intubation will 
not be accomplished. In such in- 
stances the injection of a fractional 
dose of the relaxant will be required. 
It is much safer to inject a relatively 
smaller dose followed by another 
fractional dose if necessary, than to 
risk prolonged apnea caused by an 
overdose. 


THE Use oF Muscite RELAXANTS 
FOR THE MAINTENANCE OF PROLONG- 
ED RELAXATION. 


The technic of maintenance of pro- 
longed muscular relaxation during 
surgery will be considerably different 
if long-acting muscle relaxants are 
used than if succinycholine is ad- 
ministered by continuous intravenous 
drip. In general the patient’s response 
to the initial dose of a long-acting 
relaxant is a good guide to the size 
of the first fractional dose and to the 
time of its administration. Only after 
the response to both the initial and 
the first fractional dose has been 
observed, will the effect of subsequent 
fractional doses become more or less 
predictable. 


In general, diminishing muscular 
relaxation of the operative field, 
which is usually accompanied by an 
increase in the depth of respiration, 
indicates the necessity for adminis- 
tration of a fractional dose. To insure 
optimal operating conditions, it is a 
good practice to administer a dose of 
relaxant just before the beginning of 
the closure of the peritoneum. The 
size of this dose will depend on the 
size of the fractional doses, the inter- 
val between the administration of 
these doses, and finally on the time 
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since the administration of the last 
fractional dose. For example, if the 
fractional doses of gallamine were 30 
mg., administered 20 minutes apart, 
and if the last dose was given 10 
minutes before the beginning of the 
peritoneal closure, the dose to be 
administered at this time should be 
10 mg. Usually, no more muscle re- 
laxant will be required after the dose 
prior to the peritoneal closure. 
When muscle relaxants are admin- 
istered correctly, respiratory depres- 
sion will seldom be encountered at 
termination of surgery. If, despite 
all precautions, respiration is inade- 
quate at termination of surgery, it 
is by far the safest to oxygenate the 
patient by assisted respiration until 
satisfactory spontaneous respiration 
is re-established. Should it become 
necessary for some reason to adminis- 
ter an antagonist, the following pre- 
cautions are recommended: The 
initial intravenous dose of neostig- 
mine depending on the size and phys- 
ical condition of the patient should 
be between 0.5 to 1.5 mg. in adults 
and proportionately less in children. 
Atropine sulfate 0.4 to 0.6 mg. should 
be mixed with the neostigmine. The 
injection should be given very slowly. 
If, after 5 minutes, the effect of this 
dose is not satisfactory, one half of 
the initial dose may be administered. 
The initial intravenous dose of 
Tensilon® is 5 to 10 mg. An 0.3 to 
0.6 mg. dose of atropine sulfate, al- 
though not absolutely essential, is 
recommended to decrease the possi- 
bility of the occurrence of side effects 
of this drug. If the desired effect is 
not obtained within 2 minutes, addi- 
tional 5 mg. doses of Tensilon may 
be given. Patients to whom antago- 
nists to muscle relaxants have been 
administered, should be kept under 
close supervision for 30 to 60 minutes 
after return of adequate respiration, 
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to ensure against the possibility of 
recurarization. 

It has to be remembered that both 
neostigmine and Tensilon, with the 
exception of some very unusual 
cases, are only effective against the 
non-depolarizing muscle relaxants 
like d-tubocurarine, dimethyl tubo- 
curarine, and Flaxedil.™ Both neo- 
stigmine and Tensilon are less effec- 
tive against Mytolon,® not at all 
effective against decamethonium and 
will prolong the duration of action 
of succinylcholine and _ similar 
compounds. 

No commercially available antag- 
onists to decamethonium or succinyl- 
choline are at the disposal of the 
anesthetist. 

When succinylcholine is to be em- 
ployed for the production of pro- 
longed muscular relaxation, it should 
be administered by continuous intra- 
venous drip, in an 0.1 to 0.2% solu- 
tion.* Following induction of anesthe- 
sia as described above, oxygen or 
nitrous oxide-oxygen is administered 
through a face mask and a succinyl- 
choline drip is instituted at a fairly 
rapid rate, (180 to 240 drops of an 
0.1 to 0.2% solution which corre- 
sponds to about 9 to 24 mg. per min- 
ute) in patients with normal plasma 
cholinesterase activity. This is given 
at a considerably slower rate of the 
more dilute solution in patients with 
expected low plasma cholinesterase 
activity. Muscular relaxation with 
depression of the respiratory tidal 
volume usually develops in 2 to 3 
minutes. The development of the 
effect of succinylcholine can be fol- 
lowed by palpation of the breathing 
bag. When the decrease of the respir- 
atory depth indicates adequate relax- 
ation, the drip is either slowed to the 
expected maintenance rate (40 to 
100 drops per minute), or stopped in 
sensitive patients and endotracheal 
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intubation is performed. Should ap- 
nea develop during or after intuba- 
tion, the drip is discontinued and 
controlled respiration is maintained 
by administering 500 to 600 ml. of 
gas mixture by intermittent positive 
pressure, 12 to 16 times per minute, 
until spontaneous respiration returns. 
The drip is re-instituted at this time 
at a rate that is expected to give 
adequate relaxation without apnea. 
This rate will vary between 20 to 
120 drops per minute depending on 
the size, age, physical condition, and 
plasma cholinesterase activity of the 
patient. 

If the selected drip rate produces 
excessive depression of the tidal 
volume or apnea, the drip is imme- 
.diately discontinued until the return 
of adequate respiration when it is 
re-instituted at a slower rate. Con- 
versely, if the relaxation is inade- 
quate, the drip is speeded up until 
adequate relaxation is obtained at 
which time it is adjusted to a some- 
what faster rate. As is evident it is 
essential for maintenance of adequate 
relaxation with apnea, to know at 
all times the drip rate of the succinyl- 
choline solution and to have a clamp 
which allows the easy and gradual 
control of this drip. Both require- 
ments can be met most easily if the 
anesthetist has at his disposal a 
stop watch for rapid estimation and 
a tunnell clamp* for the rapid regu- 
lation of the drip rate. Counting 5 
drops, if the rate is slower than 90 
drops per minute, or 10 drops at a 
higher rate, allows the estimation of 
the drip rate in less than 10 seconds. 
If a tunnell clamp is not available, 
the use of 2 ordinary screw clamps 
can be substituted. The drip rate can 
be adjusted coarsely with the first 


*Tunnell clamp can be obtained from Harvard 
Instrument Company, Dover, Massachusetts. 
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one, and fine adjustment can be made 
with the second. 

With this method of succinylcho- 
line administration muscular relaxa- 
tion can be regulated to the needs of 
surgery within 30 to 60 seconds and 
normal respiratory exchange can be 
established within 2 to 3 minutes 
after discontinuation of the drip. 
Satisfactory muscular relaxation can 
be obtained without apnea in patients 
with normal, or decreased, or without 
plasma cholinesterase activity. The 
only difference between patients with 
normal and low cholinesterase activ- 
ity will be that a much slower drip 
rate will be necessary in the latter 
group and that the return of normal 
respiratory exchange might be pro- 
longed by a few minutes. 

Whenever controlled respiration is 
used with succinylcholine because of 
the requirements of surgery or the 
desire of the surgeon, care must be 
taken that the plasma level of suc- 
cinylcholine should be just adequate 
to produce apnea. This can _ be 
achieved by discontinuing the drip 
at frequent intervals and observing 
the time necessary for the return of 
the first effort of spontaneous respir- 
ation. This should occur within 1 to 
2 minutes, if no hypocapnia is pro- 
duced by excessive controlled respira- 
tion. When the time necessary for 
spontaneous respiration is greater 
than 1 to 2 minutes the drip rate 
should be decreased accordingly. For 
smooth functioning of this method of 
“back titration” the recommended 
minute volume of respiratory ex- 
change maintained by controlled res- 
piration should be between 6 to 8 
liters with a respiratory rate of 12 to 
16 per minute. 

With the recommended technic 
good muscular relaxation can be ob- 
tained without the development of 
prolonged postoperative apnea. If, 
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however, unnecessarily large doses of 
succinylcholine are administered over 
a prolonged period, then prolonged 
postoperative apnea will develop in a 
high percentage of cases. This pro- 
longed apnea is caused by the accu- 
mulation of non-hydrolyzed succinyl- 
choline in the plasma and also by 
its primary breakdown product, suc- 
cinylmonocholine. One has to keep 
in mind that the prevention of apnea 
during anesthesia is the only sure 
way to avoid prolonged postopera- 
tive apnea. If apnea develops during 
the administration of succinylcholine 
it should be discontinued immediately 
until the return of spontaneous res- 
piration of the patient. 


SUMMARY AND CONCLUSIONS 

The use of balanced anesthesia 
necessitates the simultaneous admin- 
istration of several drugs. Thorough 
knowledge of the pharmacological 
effects of these drugs and rigid ad- 
herence to the principles of their safe 
administration are essential in the 
application of the methods described. 
When used improperly instead of 
balanced anesthesia, ‘‘shot-gun” anes- 
thesia will result, which might en- 
danger the patient’s life. When cor- 
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rectly used, balanced anesthesia will 
cause minimal interference with the 
patient’s vital mechanisms during 
anesthesia and will result not only in 
a rapid postoperative recovery of 
consciousness, but also in an unevent- 
ful postoperative course. 
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Fatal Circumstances in 
384 Anesthesia Deaths 


Donald P. Todd, LCDR, MC, USNR * 
Bethesda, Maryland 


A study of deaths partially or 
_ wholly attributable to anesthesia is 
of interest not out of morbid curiosi- 
ty, or to fix or absolve individuals 
from blame, but to guide teaching 
and investigation. We should teach 
those principles and methods least 
likely to be fatal yet most likely to 
produce optimum operating condi- 
tions. Research should be directed 
toward discovering those agents and 
technics most likely to be similarly 
effective. 

Data herein presented derives 
from that assembled for “A Study of 
Deaths Associated with Anesthesia 
and Surgery”, based on a study of 
599,548 anesthesias in ten institu- 
tions from 1948 to 1952, inclusive. 
Thirty surgeons and anesthetists re- 
corded all anesthesias given in their 
hospitals during these five years and 
studied and classified every death on 
their surgical services at the time it 


*Chief, Department Anesthesiology, U. S. 
Naval Hospital, Bethesda, Maryland; Clinical 
Associate in Anaesthesia, Harvard Medical 
School; Associate Anaesthetist, Massachusetts 
General Hospital, Boston, Massachusetts, on 
leave of absence. 

Presented at the 22nd annual meeting of 
the American Association of Nurse Anesthe 
tists in Atlantic City, New Jersey, September 
19, 1955. 


occurred. Those fatal cases in which 
anesthesia was considered to play a 
primary or contributory role were 
completely summarized and sent to 
the central office together with the 
basic numerical information. Thus 
we were able to establish more ac- 
curately than heretofore an anesthetic 
death rate. The basic data and statis- 
tical aspects of this study have ap- 
peared in the July 1954 Annals of 
Surgery.! 

Of special interest to this group 
may be a description of those clinical 
anesthetic circumstances which were 
considered important by these thirty 
individuals in the fatal outcome of 
these surgical patients. 

A definition of “Anesthesia Death”’ 
is difficult to state simply. However, 
if we are to advance in our learning, 
if we are to improve our record, we 
must study those circumstances which 
may only possibly have contributed 
to death. As this description advances 
it will become clear what elements 
may combine to produce an “Anes- 
thesia Death”’. 

A word of caution in drawing con- 
clusions is appropriate from the start. 
Although one does not deliberately 
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set out on a frequently fatal course 
of procedure it should not be implied 
that every fatal circumstance which 
we are about to describe should be 
avoided at all costs. So that the sur- 
geon may accomplish a_ curative 
operation it may be necessary to 
undertake an anesthetic procedure of 
known hazard—the so-called “calcu- 
lated risk”. But it is of prime impor- 
tance that we know, both the anes- 
thetist and the surgeon, what anes- 
thetic procedures are likely to be 
fatal, so that we may balance the 
added anesthetic hazard against the 
added advantage to the surgical cure. 
THE DaTA 

You may be eager to hear a clinical 
summary of each of these 384 “Anes- 
thesia Deaths’. Even if each case 
were boiled down to two or three 
lines it would require the recitation 
of 47 closely typewritten pages and 
leave you with nothing but a jumble 
of anesthetists’ nightmares. I have 
therefore attempted to categorize 
common fatal situations under three 
principle headings which concern us 
most in teaching and practice: neglect 
of basic principles; errors in anes- 
thetic management; and errors in 
recovery care. 

Although, of course, the whole 
story is not told by a single fatal fac- 
tor, I have tried to assign the single 
most important factor in each case 
and list its occurrence under the ap- 
propriate heading. 

Perusal of the three tables on the 
following page will indicate wherein 
anesthesia lay at fault. 


DISCUSSION OF DATA AS A WHOLE 


It is worthwhile to make some 
points here that will not be brought 
out in the summary. 

Although anesthesia may seem cut 
and dried to the uninformed surgeon, 
he must realize that anesthetists 
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make allowance for certain diseases. 
Errors in surgical diagnosis and es- 
pecially errors of omission in diagno- 
sis of non-surgical disease leave the 
anesthetist unprepared to combat 
them and unnecessarily add to the 
anesthetic hazard. 

There are still sporadic attempts 
to operate under heavy sedation, but 
this medieval custom is being rather 
widely replaced by anesthesia. But 
the relaxant drugs are tempting 
some anesthetists to give up using 
anesthetics. It is well to realize this 
practice can not only lead to em- 
barrassing prolonged apnea, but to 
death. 

The importance of toxic action on 
the liver of some of the commonly 
used anesthetics is gradually going 
out of fashion and being replaced by 
some better founded factors. 

Premedication is often a good test 
of the patient’s tolerance for anes- 
thesia and operation. It is well to 
heed the warning of excessive depres- 
sion. The better part of valor is to 
return the patient to the ward, study 
his coronary circulation and blood 
volume and return him at a later 
date under less medication. 

A partial explanation of the shock- 
ingly high anesthetic death rate 
among infants and children uncover- 
ed by the parent study of this paper 
may lie in Table II. Fully one third 
of the misapplications of anesthetic 
apparatus, mismanagement of depth 
of anesthesia and fluid administration 
was in infants and children. Here is 
a focus for attention. 

Not infrequently so multiple were 
the anesthetic errors that no one 
could be singled out; so arose the 
heading ‘““Compounded errors.” Those 
of us charged with the responsibility 
of teaching should hear this: if an 
anesthetist is in trouble he is likely 
to be in more than one trouble and 
needs help from the start. 
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Table | 
BASIC PRINCIPLES 


Examples 
A. Preparation of patient 
1. Error in surgical diagnosis leading to mismanagement of an- 
esthesia (pheochromocytomas - 2) 6 
2. Failure to diagnose recent coronary occlusion 4 
3. Failure to empty stomach 20 
4. Failure to combat anemia, hypovolemia or dehydration 
B. Choice of anesthesia 
1. Spinal anesthesia for senile, hypertensive, hypovolemic, an- 
emic patient 19 
2. Respiratory depressant anesthesia for patients with impaired 
respiration: obstructed airway or pulmonary disease 18 
3. Cardiac depressant anesthesia (pentothal, cyclopropane) in 
patients with cardiac disease or cardio-vascular depression 16 
4. Use of agents toxic to diseased liver 7 
5. Failure to use sedatives for sedation, analgesics for anesthesia 
and relaxants for relaxation 6 


Table II 
MANAGEMENT OF ANESTHESIA 
Examples 
- 1. Poor judgment in starting anesthesia and operation in patients 
unduly depressed by premedication 8 
2. Chronic hypoxia leading to cardiac arrest and/or cerebral death 
(too high concentration nitrous oxide; failure to use oxygen; un- 
explained cyanosis; postoperative cerebral death; sudden, un- 


explained cardiac arrest; chronic hypotension) 29 
3. Inability of anesthetist to compensate for inadequate respiratory 
exchange (depression or obstruction) 40 
4. Use of respiratory depressants to compensate for inability of an- 
esthetist to compensate for impaired respiration 4 
5. Failure to use anesthetic apparatus (machine or endotracheal tube) 
suitable to patient and operation 
(infants -3; children - 3; adults - 4) 10 
6. Failure to recognize signs of anesthesia, or overdosage 
(infants - 15; children - 12; adults - 60) 87 
7. Blood and fluid mismanagement: under or overtransfusion, over 
hydration. (Infants and children - 6; adults - 16) 22 
8. Too much anesthesia and operation 16 
9. Technical mistakes 
a. Intravenous air from pressure transfusion 4 
b. Use of blood intended for another 3 
c. Mixed tanks 3 
d. Regional anesthetic accidents 5 
», Excessive positive pressure 3 
10. Compounded errors 
(infant and children - 3; adults - 9) 12 


Table III 
RECOVERY CARE 


Examples 


1. Respiratory depression or obstruction 20 
2. Vomiting and aspiration 3 
3. Premature moving of patient 6 
4. Failure to treat shock or hemorrhage 4 
5. Failure to diagnose post-anesthetic or post-operative complications 4 


6. Wrong identification of oral or nasal tubes | 
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In Table III, although recovery 
rooms have done much to avoid ac- 
cidents, they are still occurring, 
sometimes in the recovery room but 
more often after hours, when an 
operation lasts into the evening or 
on holidays. Special vigilance is 
needed here on the part of the anes- 
thetist to be sure adequate care is 
provided. 


SUMMARY OF DATA 


To help crystallize this polyglot of 
anesthetic mishaps, Tables IV and 


Table IV 
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patient was fatal. Another approach 
to surgical cure might have been more 
successful. 


The hazard of a full stomach is 
constantly emphasized yet still over- 
looked in 5% of the deaths. The 
discomfort of gastric lavage is a 
small price to pay for a patient’s life. 

A basic premise in all anesthetic 
teaching is the folly of choosing 
spinal anesthesia, respiratory depres- 
sants and cardiac depressants for 
those patients whose diseases make 
them unusually susceptible. Yet in 


OUTSTANDING AVOIDABLE CAUSES OF DEATH 


Failure to empty stomach 


Spinal anesthesia for the senile, hypertensive, hypo- 


volemic or anemic patient 


Respiratory depressant anesthesia for patients with 


respiratory impairment 


Cardiac depressant anesthesia for patients with car- 


diac impairment 
Technical mistakes 
Respiratory failure during recovery 





V present a classification into those 
that should prove useful in teaching 
and research. 

Table IV _ lists the important 
causes of “anesthetic death” that we 
should have been able to avoid: ap- 
proximately 30% of the total deaths. 
Although in each individual case the 


Cases Yo of 384 
deaths 
20 5% 
19 5% 
18 5% 
16 4% 
18 5% 
20 5% 


15% of the deaths an attempt was 
made to “get away with it”. Teachers 
should take heed that their precepts 
are indeed life saving. 

5% of technical mistakes may be 
the irreduceable minimum of human 
error: yet when error is fatal it is 
hardly acceptable. 





Table V 
OUTSTANDING CURABLE CAUSES OF DEATH 

Cases % of 384 

deaths 
Overdosage or excessive depth of anesthesia 87 23% 
Inability to compensate for inadequate respiration 40 10% 
Chronic hypoxia 29 8% 
Blood and fluid mismanagement 22 6% 
Excessive anesthesia and operation 16 4% 





circumstances may have warranted 
undertaking these procedures of 
known hazard, the outcome for each 


During recovery care an improved 
guard is needed against respiratory 
failure due most frequently to airway 
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obstruction and post-anesthetic re- 
spiratory depression. 


Table V displays those causes of 
“anesthetic death” that are not so 
easily recognized nor so easy to 
avoid, yet account for 50% of our 
mishaps. 


Improved training can certainly 
help to reduce miscalculation of anes- 
thetic dosage or misinterpretation of 
the signs of anesthesia. It should 
also improve the ability of the anes- 
thetist to maintain respiratory 
exchange. 


However the last three categories 
and probably a large part of the first 
require some better means than the 
routine ones of observing the state 
of the patient. Cyanosis is a poor 
guide to hypoxia; blood pressure and 
pulse (often neglected in infants and 
children for want of suitable appara- 
tus!) does not indicate well cardio- 
vascular function; time is an inade- 
quate measure of severity of 
operation. 


We think nothing of spending for 
airplane equipment $500 for an altim- 
eter or $2,000 for radar equipment 
to protect healthy people from trau- 
matic shock, yet we are most reluc- 
tant to spend even $300 to assure a 
sick patient of an adequate respira- 
tory exchange. If this tidal exchange 
meter only lasted one year and if it 
were only used on 300 patients, it 
would cost each patient. one dollar to 
be sure he breathed enough under 
anesthesia and not only lived, but 
could do cross-word puzzles when he 
awoke! This is undoubtedly a home- 
spun simplification, but if almost 
50% of our deaths are to be avoided 
we must have the technical armamen- 
tarium with which to do it. Both 
research into a means and education 
to its use are vitally needed. 


SUMMARY AND CONCLUSIONS 


What has this unprecedented study 
produced ?—something new—a little; 
something old—a lot. 


In a sense you may have been dis- 
appointed to hear restated again and 
again principles you have already 
been taught. In a sense this is dis- 
couraging: we never seem to learn. 
In a sense it is encouraging: the 
principles we were taught are still of 
paramount importance—we must not 
lose sight of them in the momentary 
excitement of new drugs and 
methods. 


What is new? Never has the hazard 
of infant anesthesia been brought 
out so strongly. We must not neglect 
anesthetic care of infants because 
they are small and difficult to adapt 
to adult methods. They need blood 
pressure, pulse and respiration re- 
cordings, they need blood replace- 
ment, they need adequate means of 
respiratory exchange: in fact they 
need it more than adults because 
small changes are so important to 
them. 


Research must help to spare us 
from almost 50% of anesthetic 
deaths: investigation to establish pre- 
fatal signs of hypoxia, of depth of 
anesthesia, of fluid derangement; in- 
ventive genius to produce simple, 
inexpensive apparatus for their 
measurement; and an _ enlightened 
profession to accept the new ideas. 

A sense of good judgment is need- 
ed—and as the specialty ages it will 
mature and develop a sound 
judgment. 


1. Beecher, H. K.; and Todd, D. P.: A 
Study of Deaths Associated with Anesthesia 
and Surgery, Annals of Surgery 140:2 (July) 
1954. 
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Anesthesia in Obstetrics -- Killer! 


James R. Herron, M.D. * 
Camden, New Jersey 


Has any one of you ever had to 
tell a man that his wife or baby just 
died? That is a difficult and heart- 
breaking duty—it is even more so 
when you know that the death could 
have been avoided by foresight and 
care; as is sometimes the case when 
the death was due to anesthesia. 

During the past few years, obstet- 
ricians have been justifiably pleased 
with the reduction in maternal and 
fetal mortality rates. However, it 
has taken this reduction in deaths 
due to hemorrhage, infection and 
toxemia to point up the alarming 
number of patients who die each 
year from anesthetic problems. 

Many carefully conducted surveys 
during the past few years have in- 
dicated to all of us the importance 
of anesthesia as a cause of maternal 
mortality. It is necessary to mention 
the outstanding findings of only a 
few to impress upon you the serious 
problem we face in obstetrical 
anesthesia. 

a. Penman! surveyed’ maternal 
mortalities from 1949 to 1952 
inclusive in Philadelphia. Of 
all maternal deaths, 11-12% 


*Our Lady of Lourdes Hospital, Camden, 
New Jersey, and Jefferson Medical College, 


Philadelphia. 
Read before the 22nd annual meeting of the 
American Association of Nurse Anesthetists, 


Atlantic City, September 21, 1955. 


were directly due to anesthe- 
sia. In this 5 year period there 
were 22 anesthetic deaths: 

12 with inhalation anesthesia 

7 with spinal anesthesia 

2 with caudal anesthesia 

1 with pentothal anesthesia 
These anesthetics were admin- 
istered by the following 


personnel: 
Staff Anesthetists 8 
Nurses 8 
Internes 
Residents 2 
The deaths were caused as 
follows: 
Anoxia 8 
Aspiration 5 
Respiratory Paralysis with 
Spinal 4 
Overdose of Spinal 3 
Intrathecal Injection of 
caudal 2 


Hellman and Hingson* state 
that anesthesia as a cause of 
maternal mortality is in 5th 
place behind hemorrhage, in- 
fection, toxemia and _ heart 
disease. In a review of 330 
maternal deaths due to anes- 
thesia in New York City, they 
found that 155 (47%) were the 
result of aspiration of vomitus, 
24 were from overwhelming 
doses of a spinal anesthesia, 21 
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were from caudal or continuous 
caudal anesthesia, and 119 
from various other analgesic 
and anesthetic agents. 

c. Newberger® found that 5% of 
all maternal deaths in down- 
state Illinois during 1948 to 
1950 inclusive were due to 
anesthesia. 

d. Fitzgerald and Webster* found 
that 44% of all maternal deaths 
in three St. Louis Hospitals 
were from anesthesia. Many of 
these cases had been listed un- 
der other causes of death. 

e. Klein, et al’, in a survey in the 
Bronx from 1940 to 1951, 
found that in the period 1940 
to 1945 anesthesia was respon- 
sible for only 2% of maternal 
mortalities; but that from 1946 
to 1951 it was responsible for 
9% of the mortalities. 

f. Lull and Hingson® point out 
clearly the depression of fetal 
respirations and delay in respir- 
ations of newborns after ad- 
ministration of ether for a 
period exceeding 15 minutes. 

g. Acken’ states that in 1245 
caesarean sections there were 11 
deaths, of which 8 (70%) were 
due to anesthesia. 


Further recitation of statistics 
would only underline the importance 
of Anesthesia in Obstetrics as a 
Killer, and would convince us that 
no anesthetic agent or technic and 
no class of personnel is exempt from 
the dangers. So we will now discuss 
the WHY and HOW anesthesia 
causes these deaths, and HOW they 
can be prevented. 


The basic causes of anesthetic 
deaths in obstetrics may be discussed 
under several main headings: 
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A. An obstetrical patient is usual- 


ly unprepared or, at best, im- 
properly prepared for an 
anesthetic: 


1. The emptying time of the 

stomach late in pregnancy, 

and especially in labor, is 
prolonged to as much as 

18-24 hours in most pa- 

tients. This means we 

must assume that all ob- 
stetrical patients are can- 
didates for aspiration of 
vomitus under anesthesia. 

Labor usually begins un- 

expectedly and suddenly, 

with the result that many 

patients have eaten a 

heavy meal recently. 

3. The patient in labor, and 
about ready for delivery, 
is emotionally disturbed 
and often uncooperative. 
Frequently the analgesics 
used have been given too 
late to produce a quieting 
effect on the patient such 
as one desires before 
starting an anesthetic. 

4. Noise and bustle in the 

delivery room suite dis- 

turbs the patient. 

Fear is common, especial- 

ly in the younger patients 

and in those who have 
had _ difficulties in pre- 
vious pregnancies. 

6. Drugs may produce un- 
favorable reactions such 
as scopolamine delirium 
and narcotic respiratory 
depression. 


do 


UW 


B. Obstetrical patients tolerate 


anesthetic agents and technics 
differently from non-obstetri- 
cal patients: 
1. All anesthetic agents are 
protoplasmic poisons, and 
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produce their desired ef- 
fect only when used in 
subtoxic levels. 

2. Agents used in_ spinal 
anesthesia can be given 
safely to a pregnant wom- 
an in only 1/3 to 1/2 
their usual dosage for a 
non-pregnant individual. 

3. The frequent occurrence 
of toxemia and anemia 
render many pregnant 
woman unusually suscep- 
tible to certain agents. 

4. The labile circulatory 
system in pregnancy pre- 
disposes to sudden severe 
blood pressure drops. 

5. Respiratory exchange at 
or near term is often con- 
siderably embarrassed by 
the distended abdomen. 

6. The lordosis found at term 
increases the difficulty of 
lumbar puncture. 

7. The increased intraspinal 
pressures during strong 
uterine contractions may 
force the anesthetic agent 
to a higher level than 
anticipated. 


. Inadequate equipment is often 


the result of: 


1. The failure of the anes- 
thetic department to 
check and_ service the 
equipment in the delivery 
rooms. 

2. The shunting of old equip- 
ment to the _ delivery 
room. 

3. The lack of adequate as- 
piration facilities for the 
adult. 

4. No laryngoscope available. 

. No spare oxygen tanks 


wn 
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and tools for changing 
them. Many new institu- 
tions have “piped-in” 
oxygen. 

6. Lack of airways. 

7. Lack of tray of emergen- 
cy drugs—analeptic drugs, 
etc. 

A recent survey of the more 

than 100 institutions in New 

York City where obstetrics 

is practiced showed that ade- 

quate equipment was not 
present in over 50% of the 
institutions. Many hospitals 

did not have gas machines 

or oxygen administering 

equipment in all their deliv- 
ery rooms. 


D. Inadequately trained personnel 


are often called on to adminis- 
ter anesthesia for delivery, es- 
pecially at night, on week-ends. 
and holidays. It is also not un- 
common for all trained person- 
nel to be engaged in the oper- 
ating room during the day. 
This means that internes, and 
unfortunately, completely un- 
trained nurses administer dan- 
gerous agents about which 
they know little or nothing. 
Many are unfamiliar with the 
equipment, and more than one 
death has resulted from the 
administration of 100% _ni- 
trous oxide because the person 
using the equipment was not 
aware of an empty oxygen 
tank. Often an obstetrician will 
start an anesthetic and tell a 
nurse to hold the mask in place 
while he scrubs for the delivery. 
Such use of untrained personnel 
would not be tolerated for one 
minute in an operating room! 
Yet—we have obstetrical pa- 
tients, who require more skill- 
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ful attention, receiving such 
treatment. 


E. Carelessness is unforgivable at 
any time, but when a life may 
be at stake, it is criminal. Some 
acts of carelessness commonly 
encountered are: 


1. Failure to check supply of 
oxygen. 

2. Failure’ to 
dentures. 

3. Failure to observe patient 
closely for signs of vomit- 
ing—especially with the 
mask clamped over the 
face. 

4. The use of incompatible 

drugs—such as adrenalin 

or pituitrin when cyclo- 
propane is being admin- 
istered. 

Failure to check pulse, 

blood pressure and respi- 

rations regularly when 
spinal is used. 

6. Failure to have an intra- 
venous solution running 
when spinal is used. 

7. The anesthetist often 
leaves the delivery room 
before the patient has 
adequately reacted from 
her anesthetic. 


remove 


UW 


The prevention of anesthetic deaths 
in obstetrics is the responsibility of 
three groups: (1) the hospital ad- 
ministration (2) the obstetrician and 
(3) the anesthesiologists and anes- 
thetists. Until all three groups care- 
fully survey their individual respon- 
sibilities and make corrections where 
deficiencies exist, we will continue to 
lose mothers and babies unnecessari- 
ly. I should like to point out some 
of the preventive measures which 
should be instituted or enforced. 
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The hospital administrator can: 

1. Establish an adequately staffed 
anesthesia department headed 
by an anesthesiologist, or at 
least have an anesthesiologist 
available for consultation. 

2. Make available adequate equip- 
ment for the delivery rooms. 

3. Anesthesia coverage for delivery 
can easily be self-supporting and 
even remunerative. 

4. Establish and enforce rules cov- 
ering the types of anesthetics to 
be given by personnel of differ- 
ent qualifications after consul- 
tation with the directors of the 
anesthetic and obstetric depart- 
ments. 

5. Note is taken of the shortage 
of anesthetists in many areas, 
and this may well be a factor 
in some of the difficulties 
encountered. 


The anesthesiologist has many 
difficulties to overcome in establish- 
ing adequate coverage for obstetrics, 
including shortage of anesthesiologists 
and nurse anesthetists, the irregular 
and often unpopular hours at which 
deliveries occur, and the lack of 
really ideal analgesic and anesthetic 
agents from both the maternal and 
fetal viewpoint. 


Establishment of good obstetrical 

anesthesia service involves: 

1. 24 hour coverage by adequately 
trained personnel—and I mean 
trained not only in surgical 
anesthesia, but also in the va- 
garies of obstetrical anesthesia. 

2. Establishment of refresher train- 
ing in the obstetrical aspects of 
anesthesia, since many anes- 
thetists have considered this 
type of anesthesia as drudgery 
and an imposition, and so have 
side-stepped it as often as 
possible. 
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3. Establishment of extra remuner- a. Careful selection of anes- 
ation for those working the thetic to suit the individ- 
night shift, week-ends and ual patient’s needs. 
holidays. b. Working knowledge of 
: . — several types of anesthe- 
4. Extra effort in proper training . big, ea cel 
: : sia, their indications and 
of obstetrical residents and anes- Pies 8 Ss agua 
: > contraindications, includ- 
thesia residents. : 
ing both general and re- 
5. Further research into analgesic gional methods. 
and anesthetic agents with due c. Judicious use and _ with- 
consideration given to fetal holding of analgesics. 
effects. d. Patience in allowing the 
“oo a eo anesthetist to achieve the 
. OC Me on ) c : ° ° 
Se - : desired anesthetic level 
early in their hospital service . . 
‘ : : before beginning 
in the simpler technics of ob- . “rie 
- ee manipulations. 
stetric anesthesia, in methods . . 
. SS . e. Not allow himself to be 
of infant resuscitation, and in : : : 
. “" stampeded into an unwise 
the management of anesthetic ; , 
“wel choice of anesthesia by a 
emergencies. eae ; ; 
patient’s desires. 
7. Joint cooperation and _ confer- 
ences, with both obstetric and Proper prenatal advice and 
anesthetic departments partici- training of his patients: 
pating, on obstetric anesthesia a. Advise patient to avoid 
and problems of resuscitation eating if labor starts or 
so that many people are quali- membranes rupture. 
fied to handle emergencies. b. Do not promise painless 
:. ‘ ; labor and delivery since 
8. Understanding of the unpredic- this is as yet not possible 


tability of the time element in 
labor and delivery, so that less 
complaining will be done when 
an anesthetist loses extra sleep 
when called early. Unfortunate- 
ly, this will continue to occur 
from time to time, since we 
have not yet acquired the abili- 
ty to predict accurately the be- 
havior of women—especially of 
women in labor. 


The obstetrician has many respon- 


in most cases with safety. 

c. Devote sufficient personal 
attention to each patient 
to obtain her confidence 
and cooperation. 

d. Do not promise before- 
hand which anesthetics or 
methods will or will not 
be used. 

e. Have patients in the best 
possible condition before 
the onset of labor by de- 


tecting and correcting, if 
possible, conditions such 
as anemia, renal, cardiac 
and pulmonary disorders. 


sibilities in reducing anesthetic 
deaths, some of which begin long 
before an anesthetic is ever started 
on a patient. Among these are: 


3. Proper training for obstetric 
residents in the problems of 
obstetric anesthesia: 


1. Reappraisal of his own knowl- 
edge and use of obstetric anal- 
gesia and anesthesia. 
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a. Each resident should re- 
ceive careful instruction 
and supervision in the va- 
rious technics of anesthe- 
sia under the department 
of anesthesia. 

b. Residents must be allowed 
to use different methods 
of anesthesia under com- 
petent supervision just as 
they do different obstetri- 
cal procedures under 
supervision. 


SUMMARY 


In summary, I submit that too 
many mothers die from obstetric 
anesthesia. I have pointed out where 
the responsibility for eliminating 
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many of. these unnecessary deaths 
lies, and how we can go about elim- 
inating, to a great degree, obstetrical 
deaths from anesthesia. 
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Sequelae of Endotracheal Intubation 


Thomas F. McDermott, M.D. * 
Washington, D. C. 


The evolution of endotracheal 
anesthesia has been a long and grad- 
ual one from Vesalius in 1542 to the 
present date. This development has 
been ably traced by Noel Gillespie 
in his monograph, “Endotracheal 
Anesthesia”, first published in 1941.’ 
Since 1941, however, the use of en- 
dotracheal anesthesia has become 
more and more a commonplace event. 
It is now, perhaps, a proper time to 
review just what can be accomplished 
by this modality and to call to mind 
what sequelae may be considered 
as disadvantages for this route of 
administration of gaseous anesthetic 
agents. 

‘“‘Endotracheal anesthesia is a val- 
uable technic which has profoundly 
modified both the patient’s safety 
and the surgeon’s freedom of access 
and asepsis and, hence, the anesthe- 
tist’s peace of mind. Some enthusiasts 
have therefore attempted to use it 
as a “routine” in all patients and for 
every variety of operation. Neverthe- 
less, its use necessitates a delicate 
operation, fraught with risks of trau- 
ma which vary inversely with the 
skill and experience of the intubator. 


*Department of Anesthesiology, Georgetown 
University Medical Center, Washington, D. C. 
Presented at the 22nd annual meeting of the 
American Association of Nurse Anesthetists in 
Atlantic City, New Jersey, Sepember 22, 1955. 


Endotracheal anesthesia should al- 
ways be available to any patient who 
may benefit from it: it should never 
be used without good cause.”’! 
With these carefully chosen words 
in mind, let us consider what advan- 
tages may derive from the use of 
endotracheal anesthesia. 


ADVANTAGES 


To resort to primer methods for 
the sake of emphasis, one can ac- 
complish only three things by the use 
of an endotracheal tube: 

1. One can get substances into and 
out of the  tracheo-bronchial 
tree with ease. 

2. One can keep undesirable sub- 
stances out of the respiratory 
tract. 

3. One can, with safety to the pa- 
tient, remove himself from the 
operative field, giving the sur- 
geon unimpeded access to the 
surgical site. 

To amplify on the first advantage: 
the obvious substances we pass 
through an endotracheal tube are 
oxygen and carbon dioxide, in the 
ordinary process of respiratory ex- 
change, and the fixed anesthetic 
agent we may be using. This we can 
do in a nearly perfect fashion since 
we have eliminated the chief causes 
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of upper respiratory obstruction: the 
tongue, the epiglottis and the vocal 
cords. It is also necessary, at least 
to a degree, to respire for the patient 
whom we have relaxed with curari- 
form drugs or whose thorax has been 
opened and, by the use of an endo- 
tracheal tube, we can accomplish 
this without risk of distention of the 
stomach. Through the tube, we may 
pass a rapidly increasing concentra- 
tion of anesthetic agent without re- 
flex largyngospasm. While this en- 
ables us to deepen anesthesia more 
rapidly, it carries an inherent risk 
when the larynx cannot protect us 
against sudden lethal levels of irri- 
tant agents. 

The substances we can get out 
through an endotracheal tube are ac- 
cumulated secretions and the debris 
incident to such pathological condi- 
tions as bronchiectasis and other 
pulmonary infections. These appear 
to have a very real bearing on the 
incidence of post-operative atelecta- 
sis.* They are also important out of 
the operating room, where the anes- 
thetist may be called upon to aid in 
the treatment of accumulated secre- 
tions in coma and other states with 
diminished activity of the cough 
reflex. 

Our second advantage consists of 
the ability to keep undesirable sub- 
stances out of the respiratory tract. 
We quickly think of gastric contents 
in this context. We are also familiar 
with the desirability of preventing 
blood. tissue fragments and dental 
debris from entering the trachea in 
operations where this is a possibility. 
It is not so obvious that we can keep 
the outside atmosphere from diluting 
the anesthetic mixture most perfectly 
with a well-fitting endotracheal tube. 

The third advantage we gain from 
the use of endotracheal intubation 
needs little amplification. Our abili- 
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ty to withdraw from the surgical 
field when necessary is ably testified 
to by the increasing numbers of ma- 
jor operations undertaken in a lei- 
surely fashion and with increasing 
safety in the region of the head and 
neck. 


We can derive considerable satis- 
faction from the strides the specialty 
of anesthesia has made by virtue of 
these three advantages, but I doubt 
that we can accomplish much more 
than this by intubation. I doubt that 
relaxation is improved per se by this 
means. I also doubt that bleeding is 
lessened except insofar as oxygena- 
tion is improved and carbon dioxide 
excess eliminated. I should like to 
quote again from Gillespie: “The 
instrumentation of any orifice of the 
body is apt to engender minor trau- 
matic sequelae, and the mouth, nose, 
pharynx, glottis and trachea are no 
exception.”! That these maneuvers 
can result in sequelae other than 
minor ones, we shall now consider. 


DISADVANTAGES 


Many of the sequelae of endotra- 
cheal anesthesia can be attributed to 
inexperience, insufficient relaxation 
or sheer awkwardness. The lacerated 
lip, the fractured tooth, the severe 
epistaxis are all examples much too 
familiar to those who attempt the 
instruction of others in the art of 
anesthesia. Moss colorfully tells 
us “...my early catheter introduc- 
tions were along a very blood-bespat- 


Ploughing up the pharynx with a 
laryngoscope in an attempt to dig 
out an epiglottis from a pool of 
bloody mucus is one of the least in- 
spiring sights of modern anesthesia.’ 

These vicissitudes almost disappear 
as the anesthetist acquires experience 
and sometimes, skill. It is true that 
even in experienced hands an occa- 
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sional bizarre mishap can occur. 
Daly* reports one such occurrence 
where nasal intubation resulted in a 
submucosal dissection of tube along 
the posterior pharyngeal wall. How- 
ever, there are two conditions which 
seem to have little bearing on the 
ability or skill of the anesthetist and 
which appear with sufficient frequen- 
cy to cause us concern. These are 
granuloma of the vocal cords and 
subglottic edema. 

Perusal of the literature gives us 
little idea of the true statistical in- 
cidence of these conditions.*: ® * 8 
Several factors conspire in_ this. 
These are not common complications, 
and the experience of individuals is 
not of much value. Then, too, there 
is the habit of the patient of seeking 
another medical group when unfore- 
seen complications occur post-opera- 
tively. This is particularly true of 
granulomata which takes a little 
time to cause symptoms. It is also 
why these lesions concern the ear, 
nose and throat specialist’s dispro- 
portionate concern since this special- 
ty treats most of them, a situation 
akin to the concern of the neurolo- 
gist with the complications of spinal 
analgesia. However, these two com- 
plications occur frequently enough 
to constitute definite clinical entities, 
of considerable importance to the 
patient, and worthy of our careful 
consideration. 


GRANULOMATA OF THE 
VocaL Corps 

The typical history of granuloma 
of the vocal cords is shown by the 
patient who leaves the hospital fol- 
lowing an operation involving endo- 
tracheal anesthesia and gradually 
develops symptoms over the follow- 
ing three to six weeks. These symp- 
toms may take the form of voice 
changes, chronic cough or other irri- 
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tative phenomena or, less commonly, 
actual manifestation of mild respira- 
tory obstruction. 

For an understanding of this en- 
tity, we must consider the anatomy 
of the true vocal cords. The mucus 
membrane overlaying them is a deli- 
cate structure with little submucosa 
and poor blood supply. This results 
in a structure which, when trauma- 
tized, heals very slowly. The aryte- 
noid cartilages to which the posterior 
end of the vocal cords are attached 
have a similar anatomy. The sensi- 
tivity of this region and the poor 
powers of repair which it possesses 
are not unlike the cornea of the eye. 
Thus, when the vocal cord is abraded 
by an endotracheal tube, a shallow 
ulcer appears, usually in the posteri- 
or two-thirds of the cord. As time 
goes by, indolent granulation tissue 
covers the bed of the ulcer and, 
eventually, piles up to a degree suffi- 
cient to cause symptoms in three to 
six weeks. 

It is not quite clear why this trau- 
ma should be produced. According 
to Jackson,® core molds can be left 
in the larynx for several weeks with- 
out injury to the cords. We can do 
our utmost in prophylaxis by the 
use of tubes which are impeccably 
clean and free from irritating deter- 
gents. The surface should be glass- 
smooth. The size must not be exces- 
sively large, and gentleness in inser- 
tion is to be. stressed. During 
maintenance of anesthesia, violent 
coughing, frequent swallowing and 
motion of the tube within the larynx 
is to be avoided. We should remem- 
ber that the core mold in a larynx 
moves with the larynx and can safe- 
ly be left in place for weeks. The 
endotracheal tube is fixed externally 
so that the larynx slides on it. This 
abrading action of a tube back and 
forth over the delicate vocal cords 
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may cause injury within a few hours. 

When the granuloma has formed, 
surgical removal during direct laryn- 
goscopy is usually indicated and re- 
sults in a shallow ulcer, the precise 
lesion which started the whole diffi- 
culty. However, with complete voice 
rest until healing has occurred, for- 
tunately, the formation of a second- 
ary granuloma can_ usually be 
avoided. 

From the patient’s point of view, 
after he has apparently entirely re- 
covered from one operation, he finds 
himself faced with another hospital 
admission and another surgical pro- 
cedure. This is succeeded by a fairly 
prolonged period of absolute voice 
rest, which is usually economically 
disabling. He may fail to see the 
connection between a pilonidal sinus 
and his larynx. His complaints are 
to the surgeon and usually not to the 
anesthetist. Such a surgeon, not very 
surprisingly, becomes somewhat less 
than enthusiastic about the use of 
the endotracheal route for his future 
patients. 


SUBGLOTTIC EDEMA 


The above entity, granulomata, 
seem to concern themselves almost 
entirely with the adult patient. Sub- 
glottic edema, which we will con- 
sider next, is, on the other hand, 
almost exclusively seen in children. 
The age incidence parallels that of 
croup or laryngo-tracheo-bronchitis, 
being more common in infancy and 
early childhood. 

In the typical case, after an endo- 
tracheal anesthesia which is usually 
somewhat prolonged, the child reacts 
with nothing more alarming than 
some huskiness of voice and, perhaps, 
a dry, barking cough. As the hours 
go by, increasing signs of respiratory 
obstruction are seen. There is inspir- 
atory stridor, retraction in the sup- 
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rasternal region, with an occasional 
hoarse, non-productive cough. As the 
condition worsens, the pulse accel- 
erates, and restlessness and anxiety 
become marked. If therapy is not 
successful, cyanosis appears, deepens, 
and death may occur. This condition 
reaches a maximum in from twenty- 
four to thirty-six hours and usually 
subsides quite rapidly. 


Again, a consideration of anatomy 
helps us to understand this entity. 
Eckenhoff has ably described the 
differences between the infantile and 
the adult larynx.® The chief peculiar- 
ity of the infant larynx which in- 
terests us is the fact that its narrow- 
est cross-section occurs, not at the 
glottic chink, but at the level of the 
cricoid cartilage, the sub-glottic re- 
gion. This region has the added 
peculiarity of an abundant sub- 
mucosal layer which, practically 
speaking, has the characteristics of 
erectile tissue, such as the nasal 
turbinates. These two factors are of 
great interest to us. Due to the es- 
sentially funnel-shaped larynx of the 
infant, we can frequently pass an 
endotracheal tube with ease through 
the vocal cords only to find that 
obstruction is met a_ very. short 
distance beyond, at the level of the 
cricoid cartilage. Should we trauma- 
tize this region by the use of force, 
it will respond, as all tissues do when 
injured, by swelling. Mathematically 
speaking,’ if we produce one milli- 
meter of edema in the cricoid region 
of the adult with its 20 millimeter 
diameter, the cross-section area is 
reduced only 19%. However, the 
same degree of edema occurring in 
an 11 pound infant with a cricoid 
diameter of 4 mm.!° results in a 
reduction of cross-section area of 
75%. Thus, we see that trauma 
which might go unnoticed in the 
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adult can be lethally asphyxial in 
the infant. 

Gentleness in intubation with a 
tube of a carefully selected size is 
definitely indicated. No force what- 
soever should be used to overcome 
resistance met in the subglottic re- 
gion. The question of the role of 
infection in the production of sub- 
glottis edema remains an unsolved 
one. At the present time, it would 
seem prudent to use scrupulously 
cleaned tubes with a minimum of 
handling of the portions which will 
enter the larynx and trachea. Then, 
too, since time seems a definitely 
important factor, a certain burden is 
laid on the shoulders of the surgeon 
to accomplish his task expeditiously 
in this younger age group. 


Watchfulness in the first post- 
operative twenty-four hours is of the 
utmost importance. An atmosphere 
of high humidity is probably the best 
therapeutic agent we have available. 
A croupette is usually indicated 
routinely for the younger child with 
a prolonged endotracheal anesthesia. 
The older pediatric patients may be 
watched carefully for premonitory 
signs, at which time, continuous cold 
steam atmospheres should be inhaled. 


The crucial decision one has to 
make is whether to tracheotomize or 
not. This is a dramatically lifesaving 
measure if it is not unduly post- 
poned. To wait for the appearance 
of frank cyanosis is to find one’s 
self operating on a moribund child, 
in frantic haste, and with a needless 
mortality. Extreme caution should 
be used with sedation in these cases. 
It is a great temptation to quiet the 
restlessness of anoxia with sedatives. 
It may also be a certain way to sub- 
due the respiratory drive which is 
keeping them alive. These patients 
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may truly sleep their lives away with 
injudicious sedation. 


DISCUSSION 


This paper is in no way meant to 
be an indictment against endotra- 
cheal anesthesia. It is merely an 
attempt to point out that there are 
certain inevitable complications at- 
tendant upon its use, two of which 
are discussed in detail. The author 
will continue to employ this route in 
the future extensively, as he has done 
in the past. However, it will always 
be with the thought in mind that 
certain penalties will be paid from 
time to time, and that the risks must 
be carefully weighed against the 
gains. 


SUMMARY 


1. The endotracheal route for ad- 
ministering anesthetics can accom- 
plish only three things: 

a. One can get substances into 
and out of the tracheo-bronchi- 
al tree with ease. 

b. One can keep undesirable sub- 
stances out of the respiratory 
tract. 

c. One can, with safety to the pa- 
tient, remove himself from the 
operative field, giving the sur- 
geon unimpeded access to the 
surgical site. 

2. There are certain sequelae associ- 
ated with this route almost unavoid- 
ably. Two complications are treated 
in detail. 

3. Granulomata of the vocal cords 
and sub-glottic edema are considered 
from the viewpoint of symptomatolo- 
gy, anatomical considerations, pro- 
phylaxis and treatment. 

4. A plea is made for weighing the 
advantages and the penalties of this 
valuable anesthetic practice. 
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Treatment of Hypotension when Blood 
Replacement is Ineffective 


Janet McMahon, R.N. * 
Charleston, West Virginia 


The use of blood transfusions has 
greatly lessened the incident of severe 
shock in patients undergoing surgery. 
On occasions, however, we still see a 
patient in severe shock who fails to 
respond to blood therapy. It is the 
purpose of this paper to review some 
of the possible reasons for failure of 
transfusion therapy and some of the 
measures said to be useful when such 
therapy fails. 


Much new information about the 
pathophysiologic changes in shock 
has come from the research labora- 
tories, but the mystery of this syn- 
drome still seems far from solution. 
Shorr, Zweifach and associates!’:** 
have demonstrated by means of di- 
rect visualization of the terminal 
vascular bed that there are three 
phases of the shock state: an initial 
compensatory phase characterized by 
vasoconstriction, augmented vaso - 
motion, and increased responsiveness 
to epinephrine; a transitional stage 
in which the hyperreactivity gradually 
diminishes, and a decompensatory 
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“irreversible” stage in which vaso- 
motion is absent and blood collects 
in the capillaries. When the change 
from “reversibility” to “irreversibili- 
ty” takes place, or why the change 
occurs, is not known.® Among the 
factors that have been suggested as 
contributing to deterioration of cir- 
culation following hypotension are 
the presence of circulating humoral 
factors presumably produced by 
renal and hepatic ischemia, overac- 
tivity of the autonomic nervous sys- 
tem, and overwhelming infection 
associated with tissue anoxia.!° At 
present, few clinical applications of 
these hypotheses have been made, 
and in the clinical management of 
shock, emphasis is still placed on the 
prevention and on early energetic 
treatment while the state is still 
reversible. 


Fundamental treatment of hemor- 
rhagic or traumatic shock, it is gen- 
erally agreed, consists of rapid res- 
toration of circulating blood volume 
with whole blood. Vasopressors such 
as norepinephrine have also been 
found to be of value in some cases 
as an adjunct to blood replacement, 
but opinion differs as to the physio- 
logic soundness of the use of vaso- 
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pressors in shock therapy.*:?®° When 
the irreversible stage of shock devel- 
ops, administration of blood only 
serves to accentuate the derangement 
of circulation as it increases conges- 
tion in the capillaries, and vasopres- 
sors are of no value in restoring the 
activity of the terminal vessels.** 
Moore,!® however, points out that 
the term “irreversible” is a defeatist 
term which should never be used in 
the clinic, and says that we should 
“remind ourselves at frequent inter- 
vals that severe and apparently fatal 
shock, if of short duration, is readily 
susceptible to reversal by appropri- 
ate treatment.”’ When the fundamen- 
tal therapy fails, as it sometimes does, 
we are, therefore, forced to consider 
as possible reasons for the failure 
some error in total management of 
the case, or the need for some thera- 
peutic measure other than blood. 


CORRECTION OF ERRORS IN 
MANAGEMENT 

Probably the first thing that 
should be thought of when faced 
with failure of transfusion therapy is 
that some technical error or some 
omission in management of the case 
is the causing factor. It has been 
said that, in the absence of active 
sepsis, failure to respond to transfu- 
sion therapy may be taken as evi- 
dence of inadequate replacement or 
continuing blood loss.5:* This is un- 
doubtedly true in the majority of 
cases and the adequacy of replace- 
ment therapy should be the first con- 
sideration when a patient does not 
evidence the expected result from 
transfusion of whole blood. 

Estimation of what constitutes 
“adequate” replacement is a difficult 
problem, especially in cases where 
bleeding has been profuse. Far too 
often, estimation of blood loss is 
based on guess-work, and it has been 
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shown that the ability to estimate 
blood loss by appraisal of the sponges 
and drapes results in errors ranging 
from 50 per cent to 200 per cent.' 
Since the hazard of overreplacement 
is as great as that of underreplace- 
ment, it would seem that some more 
reliable method should be used. For- 
mulas based on the degree of reduc- 
tion of systolic blood pressure, on 
hemoglobin and hematocrit may offer 
a rough guide to the reduction in 
blood volume, but are not too re- 
liable.!> Studies showing average 
blood loss for various operative pro- 
cedures have obvious limitations as 
a means of estimating how much 
blood should be given in an individ- 
ual case. The most practical and 
simple method for estimating blood 
loss with reasonable accuracy is that 
described by Bonica and Lyter' in 
which sponges are weighed and the 
blood in the suction bottle is meas- 
ured. In calculating amount of blood, 
1 Gm. is considered as 1 cc. with no 
correction for the slight difference 
of the specific gravity of blood from 
unity. Saline used for sponges is 
measured and subtracted from the 
total. The margin of error with this 
method has been shown to be less 
than 5 per cent. Since this method 
does not entail much additional work 
on the part of operating room per- 
sonnel, it seems that it should be 
used whenever extensive surgical pro- 
cedures are contemplated or when 
the patient’s condition increases 
operative risk. 

It is also possible that some error 
in the management of anesthesia 
may contribute to the failure of 
homeostatic mechanisms and thus 
hinder the response to blood replace- 
ment. For example, a deep level of 
anesthesia, regardless of the agent 
used, can depress the compensatory 
mechanisms of the peripheral vascu- 








lar bed. Anoxia and carbon dioxide 
excess may contribute to the deterio- 
ration of peripheral circulation. Un- 
fortunately, the method used to 
provide adequate pulmonary venti- 
lation may itself contribute to the 
existing circulatory depression. Mot- 
ley,!® Maloney,!® and Hubay’® have 
shown that artificial ventilation with 
intermittent positive pressure can 
significantly reduce cardiac output 
when circulation is normal. In pa- 
tients suffering from circulatory de- 
pression, Maloney'® found that the 
use of intermittent positive pressure 
could cause a fall in blood pressure 
and cardiac output of sufficient mag- 
nitude to threaten the life of the 
patient. It has been shown that the 
use of a negative pressure phase to 
produce expiration effectively coun- 
teracts the reduction in cardiac out- 
put,'®.!® but devices for administra- 
tion of positive-negative pressure are 
not yet available for general use in 
connection with anesthesia appara- 
tus. Until such equipment is generally 
available, it would seem that inter- 
mittent positive pressure should be 
employed with great caution in the 
patient who is in shock, and that 
meticulous attention be paid to main- 
taining the mean mask pressure as 
low as possible. The only way this 
can be accomplished when applying 
intermittent positive pressure by use 
of manual compression of the breath- 
ing bag is to allow an expiratory 
phase of at least one and one-half 
times the duration of the inspiratory 
phase (and preferably longer), and 
to make certain that the bag is not 
over-inflated at any time, so that 
during expiration the pressure can 
fall quickly to atmospheric pressure 
as soon as the inspiratory pressure is 
released. 


When it seems reasonably certain 
that blood replacement has _ been 
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adequate and no technical misman- 
agement is responsible for the pa- 
tient’s failure to respond to blood 
replacement, one must look elsewhere 
for the cause of failure. A review of 
the recent literature suggests three 
possible reasons which may account 
for the failure of blood transfusions. 
These are acute adrenal insufficiency, 
myocardial depression, and compli- 
cations due to the transfusion itself 
such as citrate intoxication and trans- 
fusion reaction. 

AcUTE ADRENAL INSUFFICIENCY 

The possibility that acute adrenal 
insufficiency may be the cause of a 
patient’s failure to respond to blood 
and vasopressor therapy has received 
increasing attention recently. There 
seem to be two aspects of this prob- 
lem to consider: (1) acute adrenal 
insufficiency precipitated by the 
stress of surgery in the patient who 
has adrenal disease, and (2) the pos- 
sibility of a temporary adrenal corti- 
cal insufficiency resulting from cir- 
culatory impairment in shock. 
ADRENAL INSUFFICIENCY IN THE 
PATIENT WITH ORGANIC DISEASE 

Hotchkiss,‘4 Hayes'* and others 
have called attention to the possibili- 
ty of acute adrenal insufficiency 
developing in patients not previously 
known to have adrenal or pituitary 
disease. The difficulties in diagnosing 
adrenal insufficiency in the border- 
line cases are pointed out by Hayes.'* 
Since a patient in adrenal crisis may 
not survive unless proper therapy is 
instituted, the possibility should be 
kept in mind when unexplainable 
shock develops or persists in spite of 
administration of blood and 
vasopressors. 

Root?* says that there seems to be 
a fairly typical course that should 
arouse suspicion of adrenal cortical 
insufficiency. The most important 
sign is severe circulatory collapse, 
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which occurs suddenly, is not related 
to blood loss, and which fails to re- 
spond to blood transfusions and vaso- 
pressors. According to Root, the time 
of occurrence may be shortly after the 
operation or up to 1 to 2 days later. 
Moore!® and others report cases in 
which adrenal insufficiency develop- 
ed during the course of operation. In 
the conscious patient, additional signs 
are mental confusion, disorientation 
and coma.?? 


Certain laboratory tests may be 
used to confirm the diagnosis of 
acute adrenal insufficiency. Hotchkiss 
says that, in the presence of marked 
hypotension, low blood serum sodium, 
low serum chloride, and low carbon 
dioxide combining power indicate 
adrenal failure. He emphasizes, how- 
ever, that the diagnosis of hypo- 
adrenalism cannot be rejected if nor- 
mal serum sodium and chloride levels 
are found because the hemoconcen- 
tration may mask the actual loss of 
total serum electrolytes. 


The eosinophil count may also be 
used as a diagnostic aid. There is 
considerable variation in the findings 
of different investigators in regard to 
the eosinophil response to surgery, 
but there seems to be agreement 
about the general pattern of the re- 
sponse. There is an initial rise at 
the beginning of the operation, then 
a prompt and rapidly progressive 
fall.!2 The eosinophil count may 
reach zero and is usually below 20 
as compared with a preoperative 
average of 150.27 The degree of 
eosinopenia correlates with the sever- 
ity and length of operation, and 
usually remains low for 1 to 2 days. 
A high or normal eosinophil count in 
the presence of shock during the first 
24 hours postoperatively would be 
a strong indication of adrenal 
insufficiency.?? 
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Because the laboratory tests are 
not of great reliability, Hayes sug- 
gests that in some case a test dose 
of adrenal cortical extract (50 cc.) 
may be necessary to determine the 
presence of adrenal insufficiency.'* 
If adrenal insufficiency is the cause 
of the circulatory collapse, there 
should be a prompt, though transient, 
improvement in blood pressure and 
quality of the pulse in response to 
the test dose. 


PREDICTION OF ADRENAL CORTICAL 
INSUFFICIENCY PRE-OPERATIVELY 
It has been advocated that, be- 

cause of the seriousness of acute 
adrenal insufficiency, a test of adre- 
nal function be administered as part 
of the routine preoperative prepara- 
tion of a patient.’’ Unfortunately, 
there is not a simple, reliable test 
that can be used to screen these pa- 
tients with border-line adrenal in- 
sufficiency.®'*:'4.22, Eik-Nes and as- 
sociates® have demonstrated that 
the measurement of plasma levels of 
17-hydroxycorticosteroids for a six- 
hour period following the intrave- 
nous administration of 25 I.U. ACTH 
reliably measures adrenal cortical ac- 
tivity and is not subject to variations 
by abnormal function of some other 
organ, but this test may be a proce- 
dure beyond the scope of some labo- 
ratories. As yet, therefore, it does 
not seem practical to include a test 
of adrenal function as part of routine 
preoperative preparation, although it 
would be helpful to do so for those 
patients who are to undergo exten- 
sive surgical procedures. 

Until such time that there is a 
simple effective test available for 
determining a patient’s capacity to 
withstand stress, we must rely on 
empirical judgment, and Hotchkiss’ 
description of the types of patients 
who may be prone to develop acute 
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adrenal insufficiency during or fol- 
lowing surgery is useful for alerting 
us to the possibility of this compli- 
cation. Patients in whom one might 
suspect hypo-adrenalism are: (1) 
those subjected to an extensive surgi- 
cal procedure; (2) senile patients 
with chronic debilitating disease; (3) 
psychotic patients; (4) patients who 
have been treated with cortisone, 
hydrocortisone, and/or  corticotro- 
phin; (5) patients who have urologi- 
cal disorders. Hotchkiss points out 
that, in this last group of patients, 
injury to the adrenals may occur 
during renal surgery, and that disease 
of the genito-urinary tract, such as 
carcinoma or tuberculosis, may in- 
volve the adrenals. 


TREATMENT OF ACUTE ADRENAL 
INSUFFICIENCY 


Since the problem we are consider- 
ing is that of the patient in whom 
adrenal insufficiency has not been 
suspected, discussion of treatment is 
limited to active therapy. The treat- 
ment of acute adrenal insufficiency 
has three basic purposes: (1) ad- 
ministration of fluid and electrolytes 
to restore and maintain the volume 
and composition of extracellular 
fluids; (2) administration of glucose 
to combat hypoglycemia, and (3) 
administration of adrenocortical 
steroids.” 

Hormonal Therapy—Of primary 
importance is the rapid administra- 
tion of adrenocortical hormones. The 
preferred hormone is _hydrocorti- 
sone.”:?2 Goodman and Gilman sug- 
gest a dose of 50 mg. given by rapid 
infusion, followed by a maintenance 
infusion at the rate of 10 mg. per 
hour until the patient recovers from 
the signs of crisis. Root advises ad- 
ministration of 100 mg. in 500-1000 
cc. of fluid given at the rate of 10-20 
mg. per hour. In addition a dose of 
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cortisone may be given intramuscular- 
ly in several depots for later effect. 
Cortisone is administered in doses of 
50-75 mg. every six hours until the 
patient is out of danger.** 

Five to 10 mg. of desoxycorticos- 

terone acetate is usually also admin- 
istered in the treatment of Addisonian 
crisis. DCA may predispose to fluid 
retention and pulmonary edema, and 
since hydrocortisone and cortisone 
exert some influence on sodium bal- 
ance,” it may be advisable to rely on 
these hormones when treating adre- 
nal insufficiency during the course of 
operation. 
Fluid and Electrolyte Therapy— 
Fluid, electrolyte and glucose require- 
ments can be met by administration 
of glucose in isotonic saline solu- 
tion.®:'* Great care must be exercised 
to avoid giving too much fluid and 
salt because of the danger of precipi- 
tating pulmonary edema. This is 
particularly important in the pa- 
tient with poor cardiac reserve, since 
in such patients, hydrocortisone and 
cortisone can promote edema forma- 
tion.*:'4 It is recommended that fluid 
volume should be limited to 3500 cc. 
in 24 hours.® 


Vasopressors—Concomitantly with 
the administration of hydrocortisone, 
a vasopressor may be administered 
to maintain blood pressure until the 
the hydrocortisone is effective.’*:** 
Hotchkiss suggests 6 cc. of 1 per cent 
neosynephrine or 4 mg. of norepine- 
phrine in 1000 cc. 5 per cent glucose, 
given through a second vein. The 
rate of administration should be 
determined by the blood pressure 
response and should be sufficient to 
keep the systolic blood pressure above 
100 mm. Hg. Hotchkiss states that 
in most cases it is possible to discon- 
tinue the vasopressor within four 
hours after initiation of hormonal 
therapy. 
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TEMPORARY ADRENAL CORTICAL 
INSUFFICIENCY 


The question of whether adrenal 
cortical steroids are of value in the 
treatment of shock from hemorrhage 
or trauma in patients who do not 
have organic adrenal disease has been 
extensively investigated and remains 
a highly controversial subject. Sev- 
eral investigators have postulated a 
form of adrenal insufficiency which 
is functional or temporary in nature. 
One hypothesis is that excessive 
demand for hormones exceeds the 
capacity of the adrenal cortex to 
produce them and the gland is thus 
exhausted.!!:1*, 14,22 

Hayes’ suggests that a state of 
temporary adrenal insufficiency may 
occur in shock as a result of impair- 
ment of blood flow through the adre- 
nal vascular bed. It has been demon- 
strated that in the initial compensa- 
tory phase of shock blood flow 
through the kidneys is reduced, this 
reduction being partly due to the 
fall in arterial blood pressure but 
also to increased resistance, or vaso- 
constriction, in the kidneys. From 
this fact, Hayes postulates a probable 
reduction in adrenal blood flow which 
would result in a_ reduction § in 
amounts of adrenocortical steroids 
available per unit time for peripheral 
tissue utilization. 

Hayes'':'? studied eosinophil re- 
sponses during the course of opera- 
tion in patients with various endo- 
crinological disfunctions and also in 
patients undergoing major abdominal 
operations who were presumed to 
have normal endocrinological func- 
tion. He reports that in cases where 
a severe stress was imposed, the 
eosinophil count rose. The elevation 
in eosinophil count correlated with 
a fall in blood pressure or with sud- 
den blood loss. In one case, an esti- 
mated blood loss of 500 cc. required 


271 


replacement with 1500 cc. to stabi- 
lize the blood pressure and eosinophil 
count, whereas in another case, both 
were stabilized with 500 cc. of blood 
and administration of aqueous adre- 
nocortical extract. 


There is evidence that adrenal 
cortical hormones are essential to the 
function of the homeostatic mecha- 
nisms of the peripheral vascular bed. 
Zweifach has shown that normal 
tone, vasomotion, and reactivity of 
the terminal vascular bed is depend- 
ent on normal adrenal cortical func- 
tion.'!° There is also evidence that 
the response of the peripheral vas- 
cular bed to vasoconstrictor sub- 
stances is dependent on the integrity 
of the adrenal cortex.?° Williams and 
associates*® found that cortisone in- 
creases vessel tone in the normal 
animal, but found no evidence of 
increased responsiveness to norepine- 
phrine when cortisone was given to 
normal animals. 


Many investigators, however, do 
not feel that there is any convincing 
evidence that the adrenals can fail 
because of excessive demand.*:?? 
Evidence has been presented that 
adrenal function remained unimpair- 
ed in fatal shock and in moribund 
patients dying from various causes.” 
It has also been reported that ad- 
ministration of adrenal cortical hor- 
mones have failed to affect the course 
of experimental shock. Zwiefach 
states that their findings indicate that 
the irreversible phase of hemorrhag- 
ic shock is not associated with failure 
of adrenal secretory activity and that 
the hyporeactive state of the 
peripheral vascular bed was not im- 
proved by the administration of 
either cortisone or ACTH.!°® 
Howard,'® and France and Jennings’ 
report no beneficial effects from the 
use of cortisone in experiments on 
dogs in hemorrhagic shock’® or in 
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shock of non-hemorrhagic origin.‘ 
However, France and Jennings re- 
port beneficial effect from the use 
of cortisone in 5 patients in a series 
of 25 patients suffering from shock 
of varying etiology. It is interesting 
that in two of these patients the 
eosinophil count was low; in the 
others it was high. 


In view of the highly contradictory 
ideas about the possibility of a func- 
tional or temporary adrenal insuffi- 
ciency being associated with shock, 
and the inability to demonstrate the 
usefulness of adrenal steroids in the 
treatment of experimental shock, 
there seems to be no justification at 
present for the use of adrenocortical 
hormones as an adjunct to blood re- 
placement in the “routine” treatment 
of shock. The fact that there is now 
available a convenient intravenous 
preparation of hydrocortisone may 
tempt us to resort to its use in situa- 
tions where the conventional measures 
against shock would suffice, so it is 
advisable to remember that there is 
an even more compelling reason to 
employ caution in the use of hydro- 
cortisone than the inability to demon- 
strate its effectiveness in experimen- 
tal shock. The metabolic effects of 
the adrenal corticoids are complex 
and as yet not fully understood and 
their side-effects are numerous. Some 
of the side-effects that should partic- 
ularly be considered when the use 
of these drugs is contemplated in the 
surgical patient are the tendency 
to lower resistance to infection,®-** 
the possibility of delayed wound 
healing,® and the tendency to produce 
hypercoagulability of the blood.®:1® 
Thomas, who warns against indis- 
criminate use of cortisone and ACTH, 
suggests that their use be reserved 
for “occasions of peril” and he limits 
occasions of peril to the threat of 
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death or prolonged or permanent 
incapacitation.** 

Until more is known about these 
dangerous and complex drugs, it 
would seem prudent to refrain from 
the use of adrenocortical hormones 
during the course of anesthesia and 
surgery except in those cases where 
acute adrenal insufficiency can be 
demonstrated or is strongly suspected, 
and in those “occasions of peril’ when 
the patient’s condition is critical and 
other measures have failed. Under 
such circumstances, it seems justi- 
fiable to resort to the use of hydro- 
cortisone even when it is not possible 
to confirm a diagnosis of acute adre- 
nal insufficiency. 

MYoOcARDIAL DEPRESSION IN SHOCK 

In traumatic or hemorrhagic shock, 
the mechanism of circulatory failure 
is generally assumed to be _ periph- 
eral in origin. The reduction in car- 
diac output is initiated by the decline 
in venous return, and the consensus 
is that no defect in the heart’s func- 
tion contributes to the establishment 
of “irreversibility.” There seems to 
be, however, evidence that in some 
circumstances failure to respond to 
transfusion therapy may be due to 
myocardial failure precipitated by 
the shock state. 

Wiggers has shown that in irrever- 
sible shock in dogs blood replacement 
will cause a rise in venous pressure 
without improvement in cardiac out- 
put, and suggested that myocardial 
failure may be the reason for the 
failure to respond to transfusion. 
Davis reports that in dogs that have 
died from circulatory failure due to 
reduction in blood volume, the heart 
is frequently found to be lacking in 
tone and even dilated.® Moore points 
out that the coronary circulation is 
a terminal vascular bed, and that 
when the terminal vascular bed as a 
whole is involved in the pathologic 
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changes of shock, it is reasonable to 
assume that the myocardium is suf- 
fering along with the other tissues 
of the body.’® There is evidence that 
myocardial ischemia occurs following 
hemorrhage in elderly patients,® but 
there is conflicting opinion about its 
being a factor in the failure of re- 
sponse to blood replacement in the 
young.®:!7 Master and coworkers!* 
reported the occurrence of 59 cases 
of acute coronary _ insufficiency 
among 103 patients who had suffered 
acute hemorrhage, and _ concluded 
that hemorrhage is a frequent pre- 
cipitating cause of coronary insuffi- 
ciency. In this series, some of the 
patients had no history of antecedent 
heart disease. Sharpey-Schafer'? de- 
scribes a syndrome associated with 
the loss of small amounts of blood 
over a long period of time in which 
the venous pressure is high, cardiac 
output increased, and hemoglobin, 
low. Transfusion given at this time 
may result in pulmonary edema and 
death from what appears to be heart 
failure. 

Measures that have been suggested 
as beneficial in cases in which there 
is reason to suspect that myocardial 
depression may be contributing to the 
lack of response to transfusion ther- 
apy are intra-arterial transfusion and 
digitalization. 


INTRA-ARTERIAL TRANSFUSION 

There have been clinical reports 
that intra-arterial transfusion result- 
ed in marked improvement in cases 
where intravenous transfusion pro- 
duced congestion in the presence of 
continued low arterial blood pres- 
sure.* The success of arterial trans- 
fusion in such cases has been attrib- 
uted to the fact that perfusion 
pressure is increased in the coronary 
circulation. On the other hand, labo- 
ratory investigation has failed to 
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reveal any superiorty in the effect of 
the intra-arterial transfusion as com- 
pared with intravenous transfusion.*:* 
Case and associates* showed that 
coronary flow is not benefited by 
arterial transfusion, and believe that 
arterial transfusion is more effective 
than intravenous transfusion only in 
mitral stenosis, cardiac arrest, or in 
cases where cardiac contraction is 
almost completely ineffective. 


DIGITALIZATION 

The general opinion seems to be 
that there is no justification for the 
use of digitalis in shock therapy un- 
less there is definite evidence of con- 
gestive heart failure. Davis, however, 
reports that administration of digital- 
is in experimental hemorrhagic shock 
resulted in an elevation of blood 
pressure ranging from 10-40 mm. 
Hg.° Sankey and Crawford?* and 
Powell?! have reported the use of 
digitalis as an adjunct to shock ther- 
apy in anesthetized patients, and 
both reports state that beneficial re- 
sults were obtained. Powell reports 
one case in which digitalization ap- 
peared to improve the response to 
intra-arterial transfusion. 

Powell believes that digitalization 
should be resorted to before the con- 
ventional signs of cardiac decompen- 
sation are apparent, and feels that 
early digitalization is justified in the 
anesthetized patient because the heart 
subjected to the potential strains of 
anesthesia, surgery, and blood loss is 
not a “normal” heart. Most anes- 
thetics tend to produce some degree 
of myocardial depression, and anoxia 
and carbon dioxide retention adverse- 
ly affect the heart muscle. Other 
factors such as extreme position and 
trauma impose strain on the heart. 
It seems reasonable that the heart 
subjected to such strain may have a 
diminished reserve and may not be 
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able to meet the additional strain of 
peripheral circulatory failure. 

Signs which are considered an in- 
dication for digitalization when re- 
sponse to blood therapy is poor are 
(1) venous congestion, (2) progres- 
sively diminishing pulse pressure, (3) 
tachycardia (Powell finds that the 
pulse is often slow, however), (4) 
cold, but dry skin, and persistent 
cyanosis which is not relieved by 
administration of 100 per cent oxy- 
gen. Sanky and Crawfod also consider 
that inability to maintain a satisfac- 
tory plane of anesthesia without 
producing severe circulatory depres- 
sion is an indication for digitalization. 

The appearance of any of these 
signs in a patient in whom decreased 
myocardial reserve might be suspect- 
ed should arouse suspicion of myo- 
cardial depression. Patients in whom 
decreased myocardial reserve might 
be present are the aged, those with 
cardiovascular or pulmonary disease, 
and those with a history of repeated 
hemorrhage. In addition, Powell be- 
lieves that patients who develop 
exaggerated circulatory depression 
following small doses of depressant 
drugs may have diminished myocar- 
dial reserve. 

The choice of digitalis preparation 
used for rapid digitalization appears 
to depend on personal preference. 
According to Goodman and Gilman, 
all digitalis preparations have the 
same type of myocardial action and 
all have approximately the same 
margin of safety.’ 


COMPLICATIONS DUE TO 
TRANSFUSION THERAPY 


Another factor which may account 
for the failure to respond to blood 
replacement is the transfusion itself. 
Two complications which seem to be 
particularly associated with the use 
of multiple transfusions are citrate 
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intoxication and massive hemorrhage 
due to coagulation defects. 


CITRATE INTOXICATION 


Recent reports have called atten- 
tion to the danger of citrate intoxica- 
tion when multiple transfusions are 
administered rapidly. The toxicity of 
citrate with its depressant effects on 
the heart is well known, but early 
studies showed that there was a wide 
margin of safety with its use as an 
anti-coagulant in blood. When small 
transfusions are used, or moderately 
large amounts of blood are given slow- 
ly, no apparent harmful effects are 
observed. However, when citrated 
blood is given rapidly and in large 
amounts, the toxic action of citrate 
on the heart is evidenced. Nakasone 
and coworkers?” emphasize that the 
hazard of citrated blood may be 
greater in patients who have myo- 
cardial disease or conduction abnor- 
malities, and Cookson‘ believes that 
even small transfusions of citrated 
blood should not be used for patients 
undergoing cardiac surgery. It may 
also be possible that the heart sub- 
jected to reduced circulating blood 
volume is more sensitive to the effects 
of low serum calcium levels.* This 
has been demonstrated in dogs sub- 
jected to graduated blood loss, and 
Bunker feels that it may also be 
true of the human heart. The pos- 
sibility of citrate intoxication is 
increased in patients with liver dis- 
ease,*'*” or with mechanical obstruc- 
tion to hepatic circulation.* It is 
also possible that the hazard of in- 
toxication is increased in conditions 
that impair the metabolic processes, 
such as barbiturate anesthesia, nu- 
tritional deficiency, and _ possibly 
hypothermia.* 

Bunker and associates* found that 
ionized calcium levels remained with- 
in normal limits when moderately 
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large volumes of blood were admin- 
istered at a rate of 500 cc. in 30 
minutes, but when it was adminis- 
tered at a rate of 500 cc. in 15 min- 
utes, the concentration of serum 
citrate rose above safe levels and 
there was a tendency for the calcium 
level to fall. 

There is apparently no outstanding 
clinical sign of citrate intoxication. 
The development of tetany during 
rapid transfusions has been reported, 
but it did not occur in Bunker’s 
series even when the ionized calcium 
level was very low. Bunker feels that 
profound circulatory collapse or gen- 
eral anesthesia may mask tetany. The 
low calcium levels do not seem to be 
responsible for increased bleeding.” 
Electrocardiographic changes are typ- 
ical of those associated with hypo- 
calcemia produced by other causes,”° 
but without electrocardiographic evi- 
dence and serum calcium studies, ap- 
parently the only sign of citrate 
intoxication is the presence of a 
persistent hypotension when multiple 
transfusions have been administered 
rapidly.” 

The treatment usually recommend- 
ed is the administration of a soluble 
calcium salt, and some writers have 
suggested the use of calcium gluco- 
nate as a preventive measure against 
citrate intoxication whenever large 
volumes of blood are to be given. 
The dosage recommended is 3 cc. of 
10 per cent calcium gluconate for 
every 500 cc. of blood. Bunker and 
associates used calcium chloride in 
doses of 1-10 Gm. and report that 
their results were not too satisfactory. 
They found it difficult to estimate 
the proper therapeutic dose of calcium 
and emphasize the danger of elevating 
the serum calcium to toxic levels. 
They believe that when large quanti- 
ties of blood must be administered 
rapidly that it is better to avoid the 
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use of citrated blood than to rely on 
treatment with calcium salts, and 
suggest such preparations as decalci- 
fied blood (with which the calcium 
dosage can be accurately estimated), 
packed red blood cells or resuspended 
red blood cells. When such prepara- 
tions are not available, the cautious 
use of a calcium salt is apparently 
the only recourse. 


MASSIVE HEMORRHAGE DUE TO 
COAGULATION DEFECTS 

Coagulation defects which result 
in uncontrollable bleeding may be 
caused by reaction to incompatible 
blood'® or may be due to lack of 
clotting factors in banked blood.” 
The administration of multiple trans- 
fusions appears to increase the risk 
of transfusion reaction and _ there 
seems to be evidence that blood that 
is compatible in the major blood 
groupings may contain undetermined 
or unknown incompatible factors. 
The hazard of reaction to incompati- 
ble blood is particularly great in the 
anesthetized patient, since none of 
the usual early signs are apparent. 
Lack of expected improvement in 
circulation seems to be about the only 
early sign of transfusion reaction, and 
this sign is one subject to various 
interpretations. Increased oozing and 
the appearance of mottled cyanosis 
probably indicate that a rather large 
amount of incompatible blood has 
been given. 

Little is known about the mecha- 
nism of the change in the coagulation 
process precipitated by the incom- 
patible transfusion. McKay and as- 
sociates'* studied the changes in 
coagulation factors produced by in- 
compatible blood transfusion and 
concluded that there appeared to be 
two basic causes of the hemorrhagic 
state: (1) afibrinogenemia or fibrino- 
genopenia and (2) the development 
of a_ heparin-like anti-coagulant. 
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They recommend that when uncon- 
trollable bleeding develops an imme- 
diate estimate of all the main clotting 
factors be obtained. If afibrinogene- 
mia is shown to exist, purified fibri- 
nogen should be administered. If the 
presence of an anti-coagulant factor 
is suspected, then an anti-heparin 
agent such as toluidine blue should 
be administered. 
SUMMARY 

The problem of the anesthetized 
patient in severe shock who fails to 
respond to blood transfusions has 
been discussed. Rapid restoration of 
blood volume by whole blood is the 
basic treatment of hemorrhagic and 
traumatic shock. In the search for 
the cause of failure to respond to 
transfusion therapy the first consid- 
eration should be to ascertain the 
adequacy of blood replacement, and 
to correct any technical errors in 
surgical or anesthesia management 
which may contribute to depression 
of circulation. 

Other possible causes for failure to 
respond to blood transfusion are acute 
adrenal insufficiency, myocardial de- 
pression, citrate intoxication, and 
transfusion reaction. These are un- 
common complications, but because 
of their seriousness, the anesthetist 
should be alert to the possibility of 
their occurrence so that warning signs 
are not overlooked. It should be em- 
phasized that, in the light of present 
knowledge of the shock syndrome, 
adrenal cortical steroids and digitalis 
are not recommended in the treatment 
of hemorrhagic shock unless there 
are reasonably clear-cut indications 
for their use. 
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Personnel Relations 


E. G. Chuinard, M.D. * 
Portland, Oregon 


For a few moments I would like to 
appear in the official position of 
president-elect of the Oregon State 
Medical Society to extend to the 
members and friends of this associa- 
tion an official greeting and com- 
mendation from the physicians of 
Oregon. This state and this city, and 
particularly those of us whose work 
it is to provide medical services in 
this area, are highly honored at having 
this institute come to Portland. No 
one, unless it be yourselves, should 
be more keenly interested in the 
educational efforts you are making 
through these institutes than the 
physicians who so greatly depend 
upon your being a part of the surgi- 
cal team that provides care for our 
patients. It is therefore with sincere 
appreciation and respect that the 
physicians of this state welcome all 
who are attending this institute, and 
wish for you a most pleasant and 
profitable sojourn with us. 

Ever since the demonstrations of 
ether anesthesia by Long in 1842 and 
Morton in 1846 there: has been a 
continual increase in the variety of 
anesthetic agents and methods of 
administration. The development of 
agents and technics of anesthesia has 
- ©President-elect, Oregon State Medical So- 
ciety. Chief of Surgery, Shriners’ Hospital, 
Portland, Oregon. 

Read at the Institute for Nurse Anesthetists 
sponsored by the American Hospital Asso- 
ciation, and American Association of Nurse 


Anesthetists, Portland, Oregon, January 24-28, 
1955. 


kept pace with, and helped make 
possible, advancements in other 
fields of medicine. Of all the fields of 
medical practice, anesthesia has been 
most closely aligned with surgery and 
the brilliant advances in surgery have 
been made possible to a large extent 
by the no less spectacular advances 
in anesthesia. 

The fact that ether was the first 
surgical anesthesia developed is per- 
haps one of the most fortunate things 
that happened in the history of 
anesthesia. Ether provided a margin 
of safety that permitted the physician 
to induce anesthesia in the patient 
and then leave its continued admin- 
istration to the nurse while he left 
the head of the table to-perform the 
surgery. From this, it was but a 
short step to having the nurse relieve 
the surgeon entirely of anesthesia 
administration, except for assuming 
the responsibility. No example in the 
annals of the physician-nurse rela- 
tionship so exemplifies the degree of 
confidence bestowed by the physician 

-and earned by the nurse—as does 
the development of the nurse anes- 
thetist. And as new anesthetic agents 
and modes of administration have 
developed, the nurse anesthetist has 
kept pace. 

Since ether anesthesia was devel- 
oped by a physician and a dentist 
in an effort to provide a means of 
relief from human suffering, it in- 
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evitably followed that physicians 
should continue to pursue, by research 
and clinical application, their interest 
in the field of anesthesia. As is true 
of other drugs, all anesthetic agents 
carry with them certain side effects 
that may be potentially dangerous. 
The new avenues of administration 
which have been added to the respir- 
atory route—intraspinal, intravenous, 
regional—have added to the com- 
plexity of anesthesia. In addition, 
complicated and extensive modern 
surgical procedures have created new 
demands. All of these factors have 
placed a greater responsibility not 
only upon the anesthetic, but upon 
the anesthetist. It is trite, but true, 
to observe that the efficiency and 
safety of the anesthetic is determined 
more by the one who administers it 
than by the nature of the agent 
itself. The array of modern anesthet- 
ic agents, and the responsibility these 
place upon the anesthetist requires, 
in many instances, the presence of 
a physician who has a knowledge of 
anatomy, physiology and pharmacol- 
ogy beyond that provided by the 
training of a nurse anesthetist. The 
advance of medicine in all fields has 
made specialization in anesthesia 
necessary. Such specialization now 
includes some 3000 physicians who 
are devoting their practice exclusive- 
ly to anesthesia. 


A perusal of published accounts of 
your previous institutes shows that 
the entrance of the physician into 
the field of anesthesia posed for the 
nurse anesthetist one of her most 
vexing problems. This is indicated 
by questions such as: “What is the 
proper relationship of the nurse anes- 
thetist to the anesthesiologist?” or, 
“Ts the nurse anesthetist on the way 
out?” 

Every problem that comes to us, 
however, has its silver lining if for 
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no other reason than it serves to 
stimulate a critical review of our own 
position. Such objective reappraisal 
of ourselves usually tends to illumi- 
nate not only our virtues, but also 
our shortcomings. It is natural for us 
to react emotionally to those who 
seem adversely critical and unappre- 
ciative of us. Usually, however, cer- 
tain salutary benefits result, and this 
can be said to be gratifyingly true of 
the nurse anesthetist. 


You have become more pridefully 
conscious of your own history and 
contributions as you have emphasized 
these to others. While engaging in 
recruitment programs, you have re- 
sold yourselves ‘to yourselves. In 
conducting statistical surveys you 
have discovered that instead of there 
being a diminution of your place in 
the field of anesthesia, there has been 
an increase, not only in your numbers, 
but in the demands for your services. 


Recent figures show that there now 
are 106 schools for the training of 
nurse anesthetists as compared with 
52 in 1948. More important than the 
number of schools and the number 
of graduates, however, is the quality 
of instruction provided by the schools 
and the caliber of the persons who 
graduate. That these high standards 
will be maintained is in part assured 
through your establishment, in 1951, 
of a system of accreditation for your 
training schools, and through your 
allowing only graduates from accred- 
ited schools to become members of 
the American Association of Nurse 
Anesthetists. The prestige you are 
gaining as a result of your efforts 
toward better training and service is 
an added inducement for nurse anes- 
thetist graduates to strive to meet 
your standards and qualify for mem- 
bership in your association. If I were 
a nurse anesthetist I most certainly 
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would desire and seek the privilege 
and distinction of being a member 
of the A.A.N.A. 

A review of your JOURNAL shows 
that certain subjects have recurred 
persistently in the forum discussions 
in your institutes indicating that 
these subjects are the problems upper- 
most in your minds. The consistent 
theme which runs through all of 
these problems is a concern for the 
status of the nurse anesthetist in the 
hospital, and her relationship with 
the hospital administration, the pa- 
tient, the nurse, the surgeon, the 
anesthesiologist, and the law. 

In the past years you have had 
expert opinion and advice with regard 
to the various facets of these rela- 
tionships. In reviewing the published 
accounts of these forums what im- 
pressed me was the fact that no clear- 
ly established rule and order consis- 
tently delineates these relationships 
throughout our country. Much of the 
discussion has consisted of a review 
of experiences peculiar to a certain 
locale, or to the procedure that has 
developed in that locale. 

It is easy to understand that the 
legal implications for the nurse anes- 
thetist will vary according to the 
statutes of different states. I will 
not essay the role of legal advisor, 
except to comment that legal impli- 
cations are becoming more important 
to all who are concerned with medical 
service. Whereas, in the nostalgic 
“good old days,” it was, unquestioned 
for nurses to give ether anesthesia, 
today both the nurse and the physi- 
cian may need to be more circumspect 
with regard to the privileges and re- 
sponsibilities delegated to the nurse 
anesthetist. 

Because the nurse anesthetist is 
usually an employee of the hospital, 
the hospital is probably the most 
influential determiner of the environ- 
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ment in which she serves. If a physi- 
cian is in charge of the anesthetic 
department of the hospital, the in- 
timate relationship in which he is 
placed with the nurse anesthetist 
probably becomes the greatest factor 
in determining the efficiency and 
pleasantness of her work. The anes- 
thesiologist can provide a constan‘ 
source of supervision, instruction, and 
reassurance for the nurse anesthetist 
—a factor which constitutes no real 
change from the historical physician- 
anesthetist relationship in the past. 
This brings forth the observation that 
it is not merely the inadequacy of 
a nurse anesthetist’s training that 
limits her competency in some ex- 
treme situations in modern surgery, 
it often is the relatively equal incom- 
petency of the operating surgeon to 
instruct and supervise her. 


I have tried to indicate that the 
role of the anesthesiologist is impor- 
tant on two counts: 1) As a direct 
participant in the surgical team in 
difficult cases where his knowledge 
of anatomy, physiology and pharma- 
cology is important for the best pos- 
sible anesthesia; and 2) as a partici- 
pant in the training and supervision 
of nurse anesthetists. As a surgeon 
who is interested in the best possible 
service to my patient, I would not 
set up one factor as being more im- 
portant than the other. I am happy 
to say that I work in a hospital where 
the relationship between anesthesiol- 
ogists and nurse anesthetists is one 
of assistance to one another with 
resultant benefit to both the surgeons 
and the patients. 


As a surgeon I feel on more secure 
ground in making observations about 
the relationship of the nurse anes- 
thetist and the surgeon. I suppose 
it is as humanly natural for certain 
surgeons to feel more at ease with 
certain anesthetists as it is for some 
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patients to feel more at ease with 
certain nurses and physicians. Per- 
sonal attributes, as well as technical 
skill, contribute to the facility of the 
surgical team. The anesthetist and 
the surgeon should contribute to each 
other’s ease, because such rapport 
will be sensed by the patient and will 
contribute to his confidence. 

May I suggest that the surest way 
for the nurse anesthetist to put the 
surgeon at ease and to secure his 
confidence is to keep him informed 
about the patient. The anesthetist— 
and for that matter the anesthesiolo- 
gist—should never keep a flutter of 
anxiety about the patient’s condition 
to herself with the idea that she will 
not disturb the surgeon. The surgeon 
will remain at greater ease if he can 
rely on the anesthetist to give him 
all pertinent information promptly. 
Certainly the surgeon should be con- 
sulted about the use of drugs to be 
used, as might be indicated by the 
patient’s changing condition. It is 
not that the nurse anesthetist might 
not be able to make such decisions 
herself on the basis of her experience 
and her knowledge of the patient as 
she sits with his pulse and blood 
pressure and respirations literally at 
her fingertips, but it is simply that 
through training and licensure and 
contract with the patient the respon- 
sibility belongs to the surgeon. 

We have referred to the rapid 
changes that are occurring in the 
array of anesthetic agents, and their 
modes of administration. These have 
added to the problems of the surgeon 
and the anesthetist. The use of in- 
travenous anesthetics, and the use of 
adjunct drugs like curare, and the use 
of procedures like intubation, places 
all of us squarely on the horns of 
the dilemma: should a nurse anes- 
thetist be permitted to administer 
these drugs and procedures? On the 
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other hand, should an anesthesia be 
entrusted to a nurse anesthetist who 
cannot exercise some proficiency in 
this regard? Again, there is no uni- 
versal rule. Cautious experience will 
probably provide the best guide as 
it did in those early years when nurses 
first began dropping ether. A nurse 
anesthetist’s training and supervision, 
and her own good attitude and good 
sense, will in most instances indicate 
to what extent she will use the anes- 
thetic agents and procedures at her 
disposal. The exercise of such good 
judgment always has been, and ever 
will be, the essence of the professional 
attitude. 

We have referred to the ease and 
confidence which is a necessary part 
of the surgeon-anesthetist relation- 
ship. As better training has gradually 
given each of us more self assurance, 
and there has been accompanying 
changes in the decorum of both the 
surgeon and the anesthetist, good 
relationships have been better able 
to develop. The surgeons and anes- 
thetists who once performed their 
duties almost through sheer courage 
alone are rapidly disappearing from 
the modern surgery taking with them 
the belligerency that always accom- 
panies bluff. Another requisite for 
confidence in ourselves—in addition 
to excellent training—is a willingness 
to prudently confine ourselves with- 
in the scope of our training. Respect 
from others comes to us when we 
voluntarily limit our activities to 
those practices which are within the 
boundaries of our training and ability, 
be we nurse anesthetist or surgical 
specialist. 

All members of the surgical team 
should take care that the mutual 
confidence and reliance which each 
places in the other because of expert 
scientific training does not overshad- 
ow humility. The training of our head 
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and hands must be tempered by the 
warmth of our hearts. The public 
relations committee of the Oregon 
State Medical Society formulated the 
phrase, “Our patients will not care 
how much we know if they do not 
know how much we care.” The same 
remark is applicable to all members of 
your association. Those patients who 
surrender their consciousness to you 
will probably give little thought to 
what your training may have been, 
but they will surely remember the 
kindness you showed them and the 
confidence you evoked in them. 


I have purposely placed little em- 
phasis on rules and regulations and 
procedures that may define and as- 
sure your future place in the medical 
team. The facts referred to at the 
beginning of this paper are ample 
proof that you have the training and 
the program that provides you with 
the tools which will make your place 
secure. 


Sometimes I think we physicians 
also become too contemplative about 
whether the public can get along 
without us, when what we need to 
make sure of is that the public can 
get along with us. We must be certain 
that in our drive to develop our abili- 
ties we do not disproportionately 
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emphasize the scientific aspects of 
our profession without regard for 
those things which mark the “human 
touch.” 


Sometimes I regret the advent of 
sodium pentothal anesthesia. Patients 
now come demanding that they be 
given “that anesthetic in the vein.” 
It used to be that the patient who 
had had surgery before would request 
“that same anesthetist” for the next 
operation. Now he slips off into un- 
consciousness without a chance to 
get acquainted with the anesthetist— 
that is, unless a part of the arma- 
mentarium of the anesthetist includes 
a disposition to keep alive that per- 
sonal equation known as “the human 
touch.” 


In conclusion, let me remind you 
that you have every right to be proud 
of your profession’s history of serv- 
ice. No longer is there need for you 
to be on the defensive—if, indeed, 
there ever was. You are making a 
noble effort to assure your continued 
place among the medical services. 
May I suggest that along with your 
scientific training you continue to 
emphasize a proportionate human and 
kindly coddling of your patients for 
the greatest assurance of your future 
place. 
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Fabian, L. W., Ling, P. C., Ewing, Paul 
and Shafer, C. W.: Further experimental and 
clinical evaluation of a new syncurine antago- 
nist. South. M. J. 48:251-259 (March) 1955. 


“As a basis for the present investi- 
gational work we must refer to our 
previous work with the antagonism 
of Syncurine (Decamethonium Bro- 
mide) by drug No. 49-204. The ini- 
tial experimental work has been pub- 
lished and more recently clinical 
evaluations have been presented. With 
this foundation, our concepts of myo- 
neural physiology and certain rela- 
tionships of respiratory and cardio- 
vascular mechanisms to the end plate 
responses have gradually become al- 
tered or further substantiated. The 
primary phases of investigation have 
stimulated our interest in determining 
the mechanism and sites of action and 
certain other problems of interest and 
importance. Concerning the clinical 
data, we have accumulated approxi- 
mately 50 well controlled cases in 
which certain aspects involved in the 
antagonism of Syncurine were demon- 
strated. However, no authentic case 
of ‘prolonged Syncurine depression’ 
has occurred; therefore we can only 
assume the efficacy of this new an- 
tagonist in such an actual entity. 

“From the experimental and clini- 
cal data accumulated, a number of 
conclusions and/or speculations are 
presented: (1) It has been demon- 
strated that normal to moderately 
high arterial carbon dioxide levels 


may be essential if prolonged respira- 
tory depression is to be avoided. (2) 
The efficiency of antagonism between 
Syncurine and drug No. 49-204 in- 
creases during hypercapnia and de- 
creases during hypocapnia. Super- 
vening hypoxia will, of course, render 
such resuscitation more difficult and 
it should be emphasized that oxygen 
consumption and utilization may be 
impaired in either state depending 
on the severity of deviation of the 
carbon dioxide as compared to nor- 
mal. By progressively decreasing the 
arterial content of carbon dioxide 
during hyperventilation, oxygen dis- 
sociation (at least in vitro) shows a 
proportionate decrease which could 
well provoke tissue hypoxia. (3) On 
the basis of the results obtained, we 
believe the site of action of both 
Syncurine and its antagonist to be 
dual, the former acting peripherally 
for the most part, the latter apparent- 
ly exerting some degree of influence 
on the respiratory center. The mech- 
anism would seem to be one of com- 
petitive action at both myoneural 
and medullary levels. As mentioned 
previously, however, we feel confi- 
dent that for its greatest response, 
drug No. 49-204 is to a significant 
extent dependent on its synergistic 
activity with carbon dioxide. 

“(4) Certain properties of specific 
antagonism might well be those 
relative to similar molecular configu- 








ration, e.g. Syncurine—drug No. 49- 
204, and morphine N-allylnormor- 
phine. The derivatives not only act 
as antagonists, but when used alone 
or in excess of the agent, may and 
usually do provoke a depressor re- 
sponse although not so marked. Drug 
No. 49-204 resembles weak curare 
in its activity. (5) The clinical value 
of these findings is as yet indefinite. 
However, evidence has been presented 
in which respiratory depression and 
peripheral muscle weakening may be 
prolonged by hyperventilation and 
hypocapnia. The reverse is also true 
up to a certain point; this pertains 
to carbon dioxide narcosis at higher 
levels of content. Of course, hypoxia 
is to be avoided and assisted respira- 
tion during such depression is man- 
datory. Nevertheless it should be 
remembered that hypocapnia is with- 
out a doubt a major contributory 
factor in prolongation of respiratory 
and peripheral muscle relaxation. By 
allowing development of a level of 
arterial carbon dioxide content com- 
mensurate with the control level, re- 
ports of prolonged apnea may well 
be of the past. Hypoxia, during this 
‘waiting period’ (or period of apnea 
without assisted respiration) is usu- 
ally quite easily detected by noting 
the typical changes associated with 
cardiovascular responses to oxygen 
desaturation or unsaturation. Any 
change in pulse rate or rhythm should 
ordinarily be construed as a mani- 
festation of hypoxia during the above 
mentioned ‘waiting period.’ This oc- 
currence demands greater attention 
to provision of adequate ventilation.” 


Davis, D. A.: The role of curare in anes 
thetic deaths. South. M. J. 48:37-38 (Jan.) 
1955. 

“In a recent publication Beecher 
and Todd presented statistical data 
to show that death occurred in one 
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patient in every 370 who had been 
given curare or a curare-like drug. 
In contrast, the mortality rate in 
patients who did not receive curare 
was one in 2,100. This evidence was 
based on a study of 599,500 anesthet- 
ics given during a five-year period in 
ten university hospitals. The res ipsa 
loquitur conclusion derived from these 
figures might be that curare is an in- 
trinsically lethal drug and that its 
use should be curtailed sharply if 
not abandoned entirely. This conclu- 
sion was not drawn directly by the 
authors but has been so interpreted 
by many surgeons. The validity of 
the above data cannot be disputed 
easily, but there is little doubt that 
exceptions will be taken to the con- 
clusion suggested above, and it is 
probable that in the near future other 
statistics will be submitted which will 
present curare in a much more fa- 
vorable light. . . . But the fact re- 
mains that considerable suspicion has 
been raised in the minds of both the 
medical and lay public, and it is cer- 
tain that in the future curare will be 
subjected to detailed scrutiny, par- 
ticularly when death follows its use. 
Perhaps the term ‘curare death’ may 
relieve some of the burden borne at 
present by the much abused and ill- 
defined term ‘cardiac arrest.’ If so, 
it will add nothing to our understand- 
ing of why anesthetized patients die. 
It is probable that the mechanism of 
death due to curare is the same in 
the operating room as in the jungles 
of South America. Whether the drug 
is given by a sterile needle or poisoned 
arrow, curare kills primarily by in- 
terfering with the ability of the re- 
spiratory muscles to move oxygen 
into, and carbon dioxide out of the 
lungs. Death is not necessarily sud- 
den in either situation. Minutes or 
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50 CENT CONDUCTIVITY 


Conductive rubber soled shoes are 
available in some areas in limited 
styles to operating room personnel, 
but the majority of doctors, nurses, 
and anesthetists still find it necessary 
to rely on some form of attachment 
to regular duty shoes to fulfill the 
requirements of safe conductivity. 
The black rubber conductive attach- 
ments, the aluminum band from 
bottles of parenteral fluids, and the 
aluminum strip in gauze face masks, 
are all effective means of accomplish- 
ing conductivity, but there are several 
objections and inconveniences at- 
tached to their use. The main ob- 
jection is the comparatively short 
life of the attachment and the neces- 
sity of frequent checking to confirm 
that one is still conductive. Some are 
very difficult to attach comfortably, 
others discolor the shoes and hose 
badly, and all are very conspicuous. 

Copper and aluminum have long 
been recognized as two metals pos- 
sessing a very excellent degree of 
conductivity. Both are incapable of 
producing a spark when struck 
against another hard object. Since 
these two properties are the basic 
requisites for accomplishing safe 
conductivity of electrical energy, 
either metal is a preferred material 
for grounding purposes. 


The method of grounding shoes to 
be described is one which utilizes 
copper nails driven through the shoe 
heel. These nails range in length from 
Y,” to 2” and can be obtained at 
almost any lumber yard for an aver- 
age of $1.35 per pound. (A pound 
suitable for grounding purposes aver- 
ages 50 nails, which makes the cost 
per nail approximately 3c.) 

One nail is needed for each shoe 
heel and can be installed by any 
modern shoe repair shop at an aver- 
age cost of 50 cents per pair. The 
nails are driven completely through 
the shoe heel with one end touching 
the floor on the outside and the 
other end coming in contact with the 
bottom of the heel on the inside. If 
installed properly, they cause no 
discomfort, and are adequately ef- 
fective for the life of the shoe. The 
one disadvantage of this method of 
conductivity is that the chemical 
reaction between perspiration, body 
heat, and copper produces a green 
discoloration of the heel of hose. 

Our hospital uses a stat-o-test ma- 
chine to determine conductivity, and 
shoes with the copper nails consis- 
tently register 13 amperes. (On this 
particular machine, 7 is considered 
highly satisfactory.) There is no ap- 
preciable variation regardless of 
whether the shoe soles and heels are 
leather, non-conductive rubber, or 
plastic, and the nails can be put into 
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flat, cuban, or wedge heels. Although 
we used two nails in each heel on the 
first tests, one nail apparently is 
fully effective. 


Although I did not originate this 
idea, I have become so enthusiastic 
about it that I am anxious for every- 
one to have the opportunity to utilize 
it. If any interested person encounters 
difficulty in obtaining the nails, I 
will be happy to obtain and mail 
them at cost, to any person, group, 
or hospital. 


Preccy STEWART 
R.N., M.A.A.N.A. 


Midland, Texas 


The above note was submitted to 
Harriet L. Aberg, A.A.N.A. Repre- 
sentative to National Fire Protection 
Association’s Committee on Hospital 
Operating Rooms for her opinion. 
Miss Aberg’s reply follows: 


“One of the objections mentioned 
in the first paragraph is ‘the ne- 
cessity of frequent checking to 
confirm that one is still conduc- 
tive.’ This must be done with any 
type of conductive shoe or shoe 
appliance. Wax, dirt, etc. can in- 
sulate the head of the copper nail 
just as effectively as it can insu- 
late conductive soles and any of the 
shoe appliances. 


“The objection of conspicuous- 
ness of some attachments is in my 
opinion an advantage. 

“Tf the surface of the only point 
of conductivity on a shoe is a nail 
head of approximately 1%” or less, 
then there is no assurance that it 
will be in contact with the con- 
ductive floor at all times. 


“Anesthetists, as well as others 
in operating rooms, often hook 
their heels on the rungs of the 
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stools with the foot, or toe, so that 
the ball and heel sections of their 
shoes are in contact with nothing 
but air. Often (especially in the 
absence of a footstool) they have 
just the tips of the toes on the 
floor. In both of these cases, they 
would not be in contact with the 
conductive floor. The presence of 
the nail could lead to a false sense 
of security. 


“If those who use the copper 
nail in the heel are aware of the 
extremely limited area of conduc- 
tivity, and are careful always to 
keep it in contact with the floor, 
then this would seem an excellent 
idea. During an anesthetic, how- 
ever, it would be difficult to keep 
this in mind at all times.” 


Harriet L. ABERG 
A.A.N.A. Representative to 
National Fire Protection 
Association’s Committee on 
Hospital Operating Rooms 





N.F.P.A. STANDARDS 
For OPERATING Rooms 


After a brief outline of what static 
is (See May, 1955 Journal, Page 
127) and why anesthetists are in- 
terested in its hazardous aspect, per- 
haps scrutiny of N.F.P.A. pamphlet 
No. 56 would be in order. This is a 
standard which is put out by the 
National Fire Protection Association 
through its Committee on Hospital 
Operating Rooms. The standard is 
divided into three parts,—General, 
Construction and Equipment, and 
Administration. There is also an 
Introduction and an Appendix. 

The first section of part I, GEN- 


ERAL is concerned with the Nature 
of Hazards with subheadings—Com- 








bustible Anesthetic Agents, Combus- 
tible Disinfecting Agents, Electrical 
Systems—Shock and Spark Hazards, 
Electrostatic Spark Discharges, 
Flames and Hot Materials. 


As the Appendix explains, There is 
cognizance “of suggestions that the 
detonation of ether peroxides formed 
by the oxidation of ether over a 
period of time may be a cause of 
explosions in anesthesia machines.” 
Because of this all anesthetic depart- 
ments should include in their safety 
rules some provision for emptying 
and cleaning all ether vaporizers 
every day. Most of our vaporizers are 
made of clear glass which allows 
light to come in contact with ether, 
and light facilitates the break-down 
of ether. Heat also facilitates the 
break-down of ether and our anesthet- 
ic apparati can become heated by 
standing in the sun or left near heat- 
ing units in a room. These are the 
reasons for taking the precaution of 
emptying vaporizers every day. The 
ether can be put in a safety can or 
returned to the can in which it came, 
tightly corked, and reused when 
needed, or poured on a window sill 
or some outside surface to evaporate. 
If ether is disposed of by evaporation, 
it must be done in an area remote 
from any source of ignition, remem- 
bering that ether vapor is heavier 
than air. 


In the subheading Electrostatic 
Spark Discharges, the insulators in- 
clude nonconductive’ casters on 
furniture, nonconductive tires on 
stretchers, nonconductive stool tips, 
nonconductive soles of stockings and 
shoes; in other words anything which 
would insulate persons and objects 
from each other, assuming the floor 
is conductive. 


The material in the other subhead- 
ings of part I are self explanatory. 
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CONSTRUCTION AND EQUIPMENT 


Having discussed static and its 
importance in the explosion picture 
and briefly explained Part I General 
of the National Fire Protection As- 
sociation standard No. 56, ““Recom- 
mended Safe Practice for Hospital 
Operating Rooms”, we will next 
consider the sections in Part II— 
Construction and Equipment. This 
takes up the greater portion of No. 
56. It starts by defining “Hazardous 
Locations”. These locations include 
“storage locations” and “anesthe- 
tizing locations”. It should be remem- 
bered that operating rooms, delivery 
rooms, anesthesia rooms, corridors, 
utility rooms, accident rooms, treat- 
ment rooms, any place where com- 
bustible anesthetic agents are to be 
used are “anesthetizing locations” 
and considered hazardous locations. 
It is in this section that the height 
of the “hazardous locations” is de- 
fined as extending to ‘5 feet above 
the floor” in anesthetic locations. 


Next is the section on Ventilation. 
Included are ventilation require- 
ments for “storage locations” which 
are mandatory, and “anesthetizing 
locations” (operating rooms, etc.). 
Safety standards for mechanical ven- 
tilation and air-conditioning units are 
given and the Appendix for this sec- 
tion carefully explains the intent of 
the safe practices recommended. 


Section 4 on Storage and Piping of 
Gases is rather specific in mentioning 
piping only for nonflammable medi- 
cal gases and other inert gases, never 
for combustible anesthetic gases. 
There is provision for proper place- 
ment of shut-off valves in these pipe- 
lines to insure greatest patient safety. 
Yoke construction on anesthetic 
apparati is mentioned and the Ap- 
pendix explains the Pin Index Safety 
System. 
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Electrical Wiring and Equipment 
is the subject of section 5 and the 
specification of an ungrounded elec- 
trical system is contained here with 
the Appendix supplying the interpre- 
tation. Electrical wiring for each 
area, ‘‘storage and anesthetizing loca- 
tions”, is spelled out. The arrange- 
ment of circuits, transformers, signal 
lights, resistance values, and all the 
details of the ungrounded system are 
given. This is a most inclusive section 
and the points covered also include 
safety requirements for Service 
Equipment, Equipment Grounding, 
Control Devices, Receptacles and 
Attachment Plugs, Lighting Switches, 
Lighting Fixtures, Signaling Systems, 
Portable Equipment (this includes 
suction, pressure or insufflation equip- 
ment, x-ray and high frequency 
equipment), Low Voltage Equipment 
and Instruments. 


“Reduction of Electrostatic Haz- 
ard” is the last in Part II and the Ap- 
pendix for this section explains the 
requirements for conductive flooring. 
The method of testing conductivity 
of floors, furniture, mattresses and 
pads, rubber tubing and parts, plus 
the conductivity requirements of 
these, is given in section 6. The haz- 
ards of mechanical intercouplers are 
explained. 


It wouldn’t be amiss for the anes- 
thetist to go over Part II with the 
chief engineer of the hospital. Greater 
understanding would surely result 
with better cooperation in the main- 
tenance of high safety standards in 
operating rooms with regard to flam- 
mable anesthetics. 


Harriet L. ABERG 
A.A.N.A. Representative to 
National Fire Protection As- 
sociation’s Committee on 
Hospital Operating Rooms 
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hours may pass before the effects of 
inadequate ventilation appear. Only 
recognition of death is sudden. .. . 
Curare was introduced as an adjunct 
to good anesthesia. It was never in- 
tended that it be used as a substitute 
for good technics of anesthetization. 
One of the principal criteria by which 
the ability of an anesthetist is judged 
is his or her ability to induce uncon- 
sciousness easily and smoothly with- 
out visible alteration in the circula- 
tory and respiratory processes of the 
patient. This is known as the ‘art’ 
of anesthesia and is not learned easi- 
ly. . . . It would seem reasonable to 
direct attention from curare to those 
who abuse the privilege of use of this 
drug.” 
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Emanuel Hayt, LLB., Counsel, A.A.N.A. 





By means of this photograph, we 
are pleased to introduce Mr. Eman- 
uel Hayt to those members who may 
not have had an opportunity of meet- 
ing him in person. Mr. Hayt is legal 
counsel for the American Association 
of Nurse Anesthetists and is well 
known in the hospital field as an 
authority on the law of hospitals and 
hospital personnel. 


ATTORNEY GENERAL OF WEST 
Vircinta HoLtps Nurse ANESTHE- 
sta Lecat.—The secretary of the 
Medical Licensing Board of West 
Virgiria asked the state attorney 
general the following question: 

“Is it permissible for a nurse to 
administer endotracheal and spinal 
anesthesia under the statutes gov- 
erning the practice of medicine and 
nursing in this state?” 

In reply, the attorney general on 
June 10, 1955 quoted a section of the 
West Virginia law which reads as 
follows: 

“In any case where it is lawful 
for a duly licensed physician and 
surgeon ...to administer anesthet- 
ics, such anesthetics may lawfully 
be given and administered by any 
nurse who has been duly registered 
as such under the laws of this state: 
provided, that such anesthetic is 
administered by the nurse in the 
presence and under the supervision 
of such physician or surgeon.” 
The all-inclusive language of the 

phrase “in any case” must  neces- 
sarily include, the attorney general 
said, the authority for registered 
nurses to administer endotracheal 
and spinal anesthesia. 
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SELECTION OF ANESTHESIA. By John 
Adriani, M.D., Director, Department of 
Anesthesia, Charity Hospital; Professor of 
Surgery, School of Medicine, Tulane Uni- 
versity of Louisiana; Chief Clinical Profes- 
sor of Surgery and Pharmacology, School 
of Medicine, Louisiana State University, 
New Orleans, Louisiana. Buckram. 327 
pages, 35 illustrations. Springfield, Illinois: 
Charles C. Thomas, Publisher, 1955. $6.50. 


This book, consisting of 36 chap- 
ters, is designed for persons who must 
select anesthesia and the author 
stipulates that the book is to be used 
in no way as a source of information 
for the technic of anesthesia. 

Much of the information that ap- 
pears in the authors’ previous publi- 
cation The Pharmacology of Anes- 
thetic Drugs is here transferred to 
a specific clinical application. Each 
group of anesthetic agents is dis- 
cussed in considerable detail in 
relation to its clinical use. More than 
half of the book is devoted to this 
section. The second section of the 
book develops the relationship of 
non-surgical diseases to anesthesia. 
Diseases that may complicate the 
surgical procedure are developed ac- 
cording to body systems and accord- 
ing to specific diseases and extremes 
of age. 

In the third section of the book, 
the type of operation and its relation 
to the selection of anesthesia is pre- 
sented. It is in this section that the 
author’s vast clinical experience seems 
best to be translated into the purpose 
of the book. Here, as in the second 
section, each sub-section is developed 
according to body systems. The book 
is well indexed. 


SappLeE Brock ANEsTHESIA. By Ray T. 
Parmley, M.D., Director, Department of 
Anesthesia, St. Francis Hospital; Lecturer 
in Anesthesiology, University of Kansas 
School of Medicine; Staff Anesthesiologist, 
St. Joseph Wesley Hospitals; Consultant, 
Veterans Administration Hospital; Wichita, 
Kansas. Pajco Lexide. 58 pages, 9 iliustra- 
tions. Springfield, Illinois: Charles C. 
Thomas, Publisher, 1955. $2.50. 


One of the American Lecture se- 
ries, a monograph on the American 
Lectures in Anesthesiology, this small 
book is prepared by an author who 
worked with Dr. Adriani in the 
development of this particular tech- 
nic. Nurses who work with doctors 
using this technic—particularly in 
obstetrics—and teachers in schools 
of anesthesia, will find this an excel- 
lent reference for information con- 
cerning this procedure. 


Basic Sciences 1N ANESTHESIOLOGY (A 
Guie For Stupy). By Arthur B. Tarrow, 
Lt. Col., United States Air Force (Medical 
Corps); Diplomate, American Board of 
Anesthesiology; Fellow, American College 
of Anesthesiologists; Assistant Professor of 
Anesthesiology, Graduate School, Univer- 
sity of Texas; Chief of Anesthesiology 
Section, Lackland Air Force Base, San 
Antonio, Texas. Paper. Ed. 2. 274 pages. 
San Antonio, Texas: Lydette Publishing 
Co., 1955. 

This paper bound book was pre- 
pared by Lt. Col. Arthur B. Tarrow 
of the United States Air Force as an 
aid to persons who are preparing for 
the examination of the American 
Board of Anesthesiology. Following 
the five major divisions of the Ameri- 
can Board of Anesthesiology exami- 
nations in Basic Science, the author 
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has divided each of these into three 
subdivisions. The first subdivision is 
an outline of the contents; the second 
is a bibliography; and the third is 
a series of questions that have ap- 
peared in the examinations. For each 
question a reference is given so that 
the person who is studying from this 
manual will have the source readily 
available. Originally copyrighted for 
use in the U.S. Air Force School 
headed by Dr. Tarrow, requests for 
copies became so numerous that the 
Air Force found it impractical to 
continue to distribute the book. Per- 
mission was granted for private pub- 
lication. The book’s 274 pages are 
mainly devoted to questions and their 
answers. 





THE PRINCIPLES AND PRACTICE OF SuR- 
cicAL Nursinc. By D. F. Ellison Nash, 
F.R.C.S., Assistant Surgeon, St. Bartholo- 
mew’s Hospital, London; Senior Surgeon, 
Children’s Hospital, Sydenham; Consultant 
Surgeon, Chailey Heritage Hospital; Lec- 
turer in Surgery, Demonstrator of Practi- 
cal Surgery, St. Bartholomew’s Hospital 
Medical College; formerly Hunterian Pro- 
fessor, Arris and Gale Lecturer, Royal 
College of Surgeons; Examiner in Surgery, 
Queen’s University, Belfast, and in the 
Faculty of Dental Surgery, Royal College 
of Surgeons. 1007 pages, 371 illustrations. 
London: Edward Arnold (Publishers) Ltd,. 
1955. $7.00. 


Upon first glancing through this 
book it seemed to this reviewer that 
it probably was one of the many 
books on nursing that would have 
relatively little of value for the stu- 
dent or graduate nurse anesthetist. 
However, on closer scrutiny, it devel- 
oped that a great portion of the book 
would seem to be of immense value. 
Such chapters as those on hemor- 
rhage, shock and fluid balance, arti- 
ficial respiration, care of the uncon- 
scious patient, postoperative care, 
antiseptics, preoperation preparation, 
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the use of oxygen, specific chapters 
on operations of the thorax and 
other systems of the body, postopera- 
tive complications, and others should 
be of immeasurable value to nurses 
in the field of anesthesia. The chapter 
on anesthesia itself contains more 
valuable information than is often 
found in publications on the subject 
of anesthesia. Although there would 
be a slight adjustment of the infor- 
mation to allow for the differences 
in equipment and regional practice, 
this book is wholeheartedly recom- 
mended to all nurses who are learn- 
ing, those who are teaching, and those 
who are administering anesthesia. 





Pain—Its MeEcHANISMS AND NEURO- 
SURGICAL ContROL. By James C. White, 
M.D., F.A.C.S., Chief of Neurosurgical 
Service, Massachusetts General Hospital, 
Associate Professor of Surgery, Harvard 
Medical School; and William H. Sweet, 
M.D., F.A.C.S., Associate Visiting Neuro- 
surgeon, Massachusetts General Hospital, 
Associate Clinical Professor of Surgery, 
Harvard Medical School; with assistance 
in the psychiatric sections of Chapters IV 
and X from Stanley Cobb, M.D., Former 
Chief of Psychiatric Service, Massachusetts 
General Hospital, Bullard, Professor of 
Neuropathology, Emeritus, Harvard Medi- 
cal School; and Frances J. Bonner, M.D., 
Assistant in Psychiatry, Massachusetts 
General Hospital and Harvard Medical 
School, Boston. Buckram. 736 pages. 134 
illustrations. Springfield, Ill.: Charles C. 
Thomas, Publisher, 1955. 


Although this book will not be of 
primary interest to nurse anesthetists, 
its vast collection of valuable infor- 
mation will be a source for better 
understanding by those who are in 
the field of pain relief. To teachers 
in the field of anesthesia this book 
will also serve as an excellent refer- 
ence. Six years in preparation, the 
book is extremely authoritative, well 


_indexed, and contains an extensive 


bibliography. 
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Classified Advertisements 


NURSE ANESTHETIST: 140 bed 
suburban hospital under direction of 
M.D. Attractive salary. Delaware 
County Hospital, Drexel Hill, Penn- 
sylvania. 





NURSE ANESTHETIST: Female. 
Accredited modern 200 bed hospital. 
Department directed by anesthesiolo- 
gist, assisted by three nurse anesthe- 
tists. Pleasant working conditions, 
hours, paid vacation, social security, 
group insurance and retirement plan. 
Excellent staff of surgeons. Good sal- 
ary and merit increases. Apply: May 
Aileen Davies, M.D., La Crosse Lu- 
theran Hospital, 1910 South Avenue, 
La Crosse, Wisconsin. 





REGISTERED NURSE ANESTHE- 
TIST: 135 bed general hospital in 
charming southern city of 18,000 short 
drive from from Gulf of Mexico. Well 
qualified surgical staff. Salary range 
$380 - $416 per month commensurate 
with experience. 4-weeks vacation with 
pay, sick leave, 244 day weekend every 
4th week. Apply: Administrator, John 
D. Archbold Memorial Hospital, 
Thomasville, Georgia. 





TWO NURSE ANESTHETISTS: 
Modern well equipped hospital, 75 beds, 
25 bassinets. Combestebte living quar- 
ters - TV in living room; town of 8000, 
50 miles from Philadelphia, near Wil- 
mington, Delaware. 5-day week, $450 
per month and full maintenance. About 
100 operations per month. Apply: 
Charlotte W. Ager, Superintendent, 
Union Hospital, Elkton, Maryland. 





NURSE ANESTHETIST: For 400 
bed Joint Commission Accredited hos- 
pital. Salary $425.00 per month and 
meals. 40-hour week. Many employee 
benefits. Apply: Dr. R. Weyl, Anes- 
thesiologist, Mount Sinai Hospital, 
Chicago 8, Illinois. 





WANTED: Nurse anesthetist. 450 bed 
general hospital, fully approved. Salary 
open. Apply: Administrator, McKees- 
port Hospital, 1500 Fifth Ave., 
McKeesport, Pennsylvania. 


NURSE ANESTHETISTS WANT- 
ED: Immediate openings at modern 
327 bed general hospital with active 
up-to-date anesthesia department. Reg- 
istration not a requirement if sufficient- 
ly experienced. Pleasant working con- 
ditions. Attractive salary in addition to 
complete maintenance. Generous vaca- 
tion, sick leave and holiday allowances. 
Unusually good opportunity for those 
seeking permanent positions in a well 
established department. Apply: Direc- 
tor, Eastern Maine General Hospital, 
Bangor, Maine. 





REGISTERED NURSE ANESTHE- 
TISTS: 40 hr. week, permanent posi- 
tions open for surgery and obstetric 
departments. Liberal vacation and sick 
leave policies. Social security, overtime 
pay, extra pay for night duty. No call 
duty. Automatic pay increases. Apply: 
Chief Nurse Anesthetist, Harper Hos- 
pital, Detroit 1, Michigan. 





NURSE ANESTHETIST: For ap- 
proved general hospital. Must be able 
to administer latest types anesthetic 
agents. Salary $350.00 to $375.00 per 
month plus full maintenance. Annual 
vacation and sick leave. Retirement 
benefits if desired. Apply: Administra- 
tor, Robinson Memorial Hospital 
Ravenna, Ohio. 





ANESTHETIST: Registered nurse. 
Modern 200 bed general hospital. Forty 
hour week. $435 to $487.50 per month. 
Paid vacations and sick leave. Over- 
time on liberal case basis. Medical an- 
esthesiologist in charge. Apply: Chief 
of Department of Anesthesia. Pontiac 
Ceneral Hospital, Pontiac, Mich. 





WANTED: Surgical Anesthetist for 
150 bed general hospital central Ne- 
braska. Excellent working conditions 
and personnel policies. $450 per month 
and full maintenance. Apply: Box M- 
28, Journal American Association of 
Nurse Anesthetists, 116 S. Michigan 
Ave., Chicago 3, IIl. 
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THIRD ANESTHETIST wanted in 
approved general hospital of 184 beds 
in city of 25,000. Regulated hours and 
good working conditions. 4-weeks paid 
vacation. Paid sick leave. Salary ac- 
cording to qualifications. Minimum 
$400.00 per month plus full mainte- 
nance. Living accommodations in nice- 
ly furnished Nurses’ Home. Apply 
Trinity Hospital, Minot, North Dak. 


NURSE ANESTHETIST WANT- 
ED: 500 bed teaching hospital on cam- 
us of state university. Starting salary 
$4 4512.00 with regular increases, cumu- 
lative sick leave, paid vacation. Apply 
to anesthesiologist in charge, Univer- 
sity of Virginia Hospital, Charlottes- 
ville, Virginia. 








WANTED: Two Nurse anesthetists, 
300 bed hospital, attractive employ- 
ment conditions; starting salary $400 
per month. Night and weekend calls 
taken in rotation every fourth night 
and every fourth weekend. Six paid 
holidays annually. Minimal amount of 
obstetrical anesthesia. Full maintenance 
provided if desired. Approximately 
5000 anesthesias administered annually 
for all types of surgical cases. De- 
partment is under supervision of an 
anesthesiologist. Apply to J. M. 
Schwab, M.D., Chief of Department 
of Anesthesiology, Geisinger Memorial 
Hospital and Foss Clinic, Danville, 
Penna, 





NURSE ANESTHETIST: Oral sur- 
geon in the vicinity of Boston, Mass. 
would like nurse anesthetist beginning 





August 15, 1955. Leonard S. Fox, 
D.D.S., 69 B. Court St., Westfield, 
Mass. 

NURSE ANESTHETIST: 165 bed 


General Hospital, fully approved. An- 
nual vacation and sick leave. Salary 


open. Apply Administrator, W. A. 
Foote Memorial Hospital, Jackson, 
Michigan. 





NURSE ANESTHETIST: 600 bed 
approved general hospital; excellent 
salary, one month vacation after a 
year’s service. Apply, Personnel Di- 
rector, Good Samaritan Hospital, Cin- 
cinnati 20, Ohio. 
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ANESTHETISTS: Charleroi-Mones- 
sen Hospital (general, 238 beds and 36 
bassinets), North Charleroi, Pa. (HU 
3-5561). Salary open plus maintenance, 
sick leave, holidays, month paid vaca- 
tion annually, etc. Call or write 
administrator. 


WANTED: NURSE ANESTHE- 
TIST—A.A.N.A. membership. Excel- 
lent salary and opportunities. Paid 
vacation. Excellent working conditions. 
Rotating call every sixth night and 
sixth weekend. Day off following call. 
550 bed hospital. Staff of eight anes- 
thetists. Apartment and full mainte- 
nance available. Apply: Miss Mildred 
Hodges, Chief Anesthetist, Missouri 
Baptist Hospital, 919 N. Taylor Ave., 
St. Louis, Mo. 


NURSE ANESTHETISTS 
—FLORIDA! Take advantage of 
Florida’s sunshine and pleasant living. 
Jacksonville’s rapid growth has created 
a need for hospital expansion. St. Vin- 
cent’s has just completed an addition 
of 150 beds and has completely re- 
modeled the existing hospital, which is 
located on the beautiful St. Johns 
River. Need 4 qualified anesthetists at 
once to complete a staff of 9. Begin- 
ning salary $450.00 per month with 
merit rating increases. Call rotation 
every 4 nights with time ofi following 
calls. 2 weeks annual vacation with 
graded increase to 4 weeks after 5 
years service. 2 weeks sick leave. New 
nurses home under construction. No 
obstetrical call for surgical anesthe- 
tists, but obstetrical anesthetists are 
needed also, so applications are in 
order for either position. Only emer- 
gency operations on Saturday or Sun- 
day. Apply: St. Vincent’s Hospital, 
Jacksonville, Florida. 








NURSE ANESTHETIST. WANT- 
ED: For obstetrical anesthesia in de- 
partment averaging 250-300 deliveries 
monthly. Salary $400 month plus com- 
plete maintenance, including room, 
meals, phone and laundry. Vacation 
and sick time granted. Apply: Peoples 
Hospital, Akron, Ohio. 


N U R SE ANESTHETIST: Salary 
$450 per month. No call. Write: Di- 
rector of Anesthesiology, Zieger Os- 
teopathic Hospital, 4244 Liverno's, De- 
troit 10, Michigan. 
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NURSE ANESTHETISTS: Two 
needed at a small approved general 
hospital in Pittsburgh. Supervised by 
a qualfied anesthesiologist. Salary 
open. 35 and under preferred. Apply: 
Louise Ludewig, Superintendent, St. 
Margaret Memorial Hospital, 46th 
Street, Pittsburgh 1, Penna. 


ANESTHETIST: Obstetrical anesthe- 
sia only. 40-hour week. Pleasant work- 
ing conditions in modern obstetrical 
department. Hospital located in a beau- 
tiful lake surrounded university city. 
Liberal vacation, sick leave, social se- 
curity, group life and hospital insurance, 
pension plan. Apply: W. D. Barclay, 
Assistant Administrator, Madison Gen- 
eral Hospital, Madison, Wisc. 








ATTRACTIVE POSITION FOR 
NURSE ANESTHETIST: Approved 
hospital in Denver, Colorado; 198 beds. 
Will be one of 5 anesthet’sts. Good 
salary and working conditions with 
sick benefits, vacation and holidays. 
Apply: Personnel Office, Presbyterian 
Hospital, 19th at Gilpin St., Denver, 
Colorado. 


TWO NURSE ANESTHETISTS: 
Approved 143-bed general hospital, 
Bristol, Tenn. 44-hour week, alternate 
call between 3 anesthetists. New, mod- 
ern hospital, pleasant working condi- 
tions. Salary $400 per month with $25 
increase at end of six months. Vaca- 
tion and two weeks sick leave annually. 
Laundry, meals, and room in new 
nurses home. Write: Marigold Jones, 
Dept. of Anesthesia, Bristol Memorial 
Hospital, Bristol, Tenn. 
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WANTED: Graduate nurse anesthe- 
tist willing to assist in nursing capac- 
ity and give light general anesthesia 
when necessary. Excellent hospital fa- 
cilities. Five and a half day week. 
Salary open. Large eastern city. Apply: 
Dr. Joseph Michael Tighe, 6601 York 
Road, Baltimore 12, Maryland. 





NURSE ANESTHETIST: 5-day, 40- 
hour week. 73-bed general hospital ex- 
panding to 120 beds. New air condi- 
tioned surgery will open in January. 
Excellent pay depending on experi- 
ence. All benefits including pension. 
Maintenance provided. Call or write: 
Administrator, Community Hospital, 
Geneva, Illinois. 





ANESTHETIST - NURSE: 250 bed 
general hospital; excellent working 
conditions and personnel policies. 
Write: Mr. Bart Stajich, Assistant 
Administrator, Columbia Hospital, 
3321 N. Maryland Avenue, Milwaukee 
11, Wisconsin. 





TWO NURSE ANESTHETISTS: 
for a 200-bed general hospital. Salary 
$500 per month. Apply C. K. Shiro, 
Administrator, Montana Deaconess 
Hospital, Great Falls, Mont. 





Positions available for two Nurse An- 
esthetists. Salary, $400.00 per month. 
441-bed General Hospital, Hamot Hos- 
pital, Erie, Pa. Contact the Director 
for full information. 








THE 
TWENTY-THIRD 
QUALIFYING EXAMINATION 


Will be Conducted on Saturday, May 12, 1956. 
The deadline for accepting completed applications including 
the transcripts is April 2. Notice of eligibility will be 


mailed about April 9. 
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Journal 
American Association of 
Nurse Anesthetists 
Volume XXIII 1955 
Index of Subjects and Authors 


A 


Aberg, Harriet L.: About explosions (note), 
126; N.F.P.A. standards for operating 
rooms (note), 286 

Aitken, Ellen S. M.: Hyperthermia, 40 

American Association of Nurse Anesthe- 
tists: Call to the convention, 146; can- 
didates for office, 189; program, 22nd 
annual meeting, 138 

Anesthesia: deaths, 249; emergencies in, 
99; for asthmatic patient (abstract), 
208; for geriatric surgery, 27; for plastic 
surgery, 184; hypoventilation during, 
159; in endocrine disorders, 105; in 
Korean war, 116; intratracheal (note), 
196; intratracheal, difficult cases, 149; 
intratracheal sequelae, 260; modern 
concepts of, 236; obstetric, 254; pediat- 
ric, 79; preoperative preparation, 85; 
psychological approach, 85; rectal suri- 
tal (note), 198; service, 1955 survey, 
223; spinal complications of (abstract), 
66; tonsillectomy (note), 196 

Anesthetists: personnel relations, 277; sup- 
ply of, 223 

Asthmatic patient, anesthesia for (abstract), 
208 


B 


Bader, Marie N.: Survey of anesthesia 
service: 1955, 223 

Beard, Edmund E.: Stress, 45 

Beer, E. George: Pulmonary function, 172 

Book reviews: Anesthesia in General Prac- 
tice, 207; Art, Science and Spirit of 
Nursing, 60; Basic Sciences in Anes- 
thesiology (A Guide for Study), 291; 
Drugs in Current Use, 132; Elements 
of Pediatric Anesthesia, 61; First Aid 
and Resuscitation, 59; Fundamentals of 
Anesthesiology for the Nurse Anesthe- 


tist, 61; Gynecology and Gynecologic 


Nursing, 59; Local Analgesia: Brachial 
Plexus, 207; Nerve Blocks, 133; Nurse, 
Pastor and Patient, 207; Nursing, 59; 
Pain: Its Mechanisms and Neurosur- 
gical Control, 292; Principles and Prac- 
tice of Surgical Nursing, 292; Psychol- 
ogy and the Nurse, 60; Saddle Block 
Anesthesia, 291; Selection of Anesthe- 
sia, 291; Spinal Epidural Analgesia, 207; 
Stellate Ganglion Block, 61; Textbook 
of Pediatrics, 132; Textbook of Surgery 
for Nurses, 60; Use of Trilene by Mid- 
wives, 133. 

Brachial plexus paralysis, prevention, 187 

Bronchospirometer valve (abstract), 131 


C 


Carbon dioxide, role in hypotension, 36 

Cesarean section: infant resuscitation fol 
lowing, 50 

Chlorpromazine: anti-emetic effect of (ab- 
stract), 65; hypothermia produced by 
(abstract), 62; physiological effects (ab- 
stract), 62; use in control of pain 
(abstract), 64; use in labor (abstract), 
64; with spinal anesthesia (abstract), 
65 

Chuinard, E. G.: Personnel relations, 277 

Coagulation failure, 164 

Compton, Jessie L.: Survey of anesthesia 
service: 1955, 223 

Curare: role in anesthesia deaths (ab- 
stract), 284 


D 


Day, Marjorie: Effect of operative posi- 
tions on vital signs during anesthesia, 
178 

Deaths: anesthesia, 249; role of curare in 
(abstract), 284 

Dolan, Cathleen M.: Anesthesia in dis- 
orders of the endocrine system: a re- 
view of the literature, 105 
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E 


Endocrine system: disorders of, effect on 
anesthesia, 105 

Ether, effect on cortex (abstract), 131 

Explosions (note), 126; hazard, reduction 
of (note), 286; prevention of (note), 
287 


F 


Foldes, Francis F.: Modern concepts of 
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Dilaudid hydrochloride 


(dihydromorphinone hydrochloride) 







Powerful opiate analgesic - dose, 1/32 grain to 1/20 grain. 
Potent cough sedative - dose, 1/128 grain to 1/64 grain. 
Readily soluble, quick acting. 


Side effects, such as nausea and constipation, seem less 
likely to occur. 


An opiate, has addictive properties. 


Dependable for relief of pain and cough, not adminis- 
tered for hypnosis. 


®@ Dilaudid is subject to Federal narcotic regulations. Dilaudid, Trade Mark Bilhuber. 


Bilhuber-Knoll Corp. Orange, NJ. 
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ACCURATE FLOW CONTROL... 





the first requirement 
of correct oxygen therapy 


Linpe R-501 Oxygen Regulator 
provides precise control of 
flow to the patient 


Hoch these Special featinen 


e Accuracy not affected by back-pressure* 
(created by administering appa- 
ratus, tubing, or other attachments) 

e Unfluctuating flow at changing cylinder 
pressures 


e@ Flow controlled by just one valve 














e@ Distinctly calibrated 


e Three-stage pressure reduction 





e Sturdy, long-wearing, corrosion resistant 
e Light, well-balanced 


Your Linve distributor will be glad to demons trate 
the R-501. Arrange to see it soon, 


Linde Air Products Company 
Oxygen Therapy Department 
30 East 42nd Street 

New York 17, N. Y. 


LINDE AIR PRODUCTS COMPANY 
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1 A Division of 
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Gentlemen: Union Carbide and Carbon Corporation 
* Please send me detailed information on the effect of ; 30 East 42nd Street [fg New York 17, N. Y. 
back-pressure on regulators. : Offices in Principal Cities 
: In Canada: Linde Afr Products Company 
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Division of Union Carbide Canada Limited, Toronto 


The term “Linde” is a registered trade-mark of 
Union Carbide and Carbon Corporation. 
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NITROUS 


triple-tested for 
QUALITY 


1. Testing raw materials 2. Testing gas during processing 3. Testing contents of each 
individual cylinder 


The Ohio label on the blue 
specify cylinder of nitrous oxide is your 
assurance that it is triple-testec — 
OHIO setting standards that exceed 
MEDICAL U.S.P. requirements. 
GASES 


Cylinders are inspected, cleaned, 
and reconditioned before filling 
and then sealed against dust and 
® Cyclopropane tampering. Nylon valve seats insure 
® Nitrous Oxide safe, dependable operation, and 

© Ethylene Teflon washers provide easy- 
opening, self-sealing protection 


. ; 
Oxygen against leakage. 


® Heli 
e raid Dioxide Prompt, dependable delivery from 
7 a nationwide network of over 


500 Ohio branches and authorized 
® Helium-Oxygen dealers. 


@ Ethyl Chloride 
® Trimar 


® Oxygen-Carbon Dioxide 


You can place your confidence in Ohio 
® Vinamar Nitrous Oxide — triple-tested for quality. 


Ohio Chemical Pacific Company, San Francisco 3 
Ohio Chemical Canada Ltd., Toronto 2 
¢ @ Airco Company International, New York 17 
Cia. Cubafia de Oxigeno, Havana 


OHIO CHEMICAL & SURGICAL EQUIPMENT CO. Divisions and Subsidiaries of 
Madison 10. Wisconsin Air Reduction Company, Inc 














